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Abstract
Within the framework ofN = 1 gauged supergravity, using a phenomenological model which can
be obtained, locally, as a Swiss-Cheese Calabi-Yau string-theoretic compactification with a mobile
D3-brane localized on a nearly special Lagrangian three-cycle in the Calabi-Yau and fluxed stacks
of wrapped D7-branes, and which provides a natural realization of µ-split SUSY, we show that in
addition to getting a significant value of (electron/neutron) EDM at two-loop level, one can obtain
a sizable contribution of (e/n) EDM even at one-loop level due to presence of heavy supersymmetric
fermions nearly isospectral with heavy sfermions. Unlike traditional split SUSY models in which
the one-loop diagrams do not give significant contribution to EDM of electron/neutron because
of very heavy sfermions existing as propagators in the loop, we show that one obtains a ‘healthy’
value of EDM in our model because of the presence of heavy higgsino, neutralino/chargino and
gaugino as fermionic propagators in the loops. The independent CP-violating phases are generated
from non-trivial distinct phase factors associated with four Wilson line moduli (identified with first
generation leptons and quarks and their SU(2)L-singlet cousins) as well as the D3-brane position
moduli (identified with two Higgses) and the same are sufficient to produce overall distinct phase
factors corresponding to all possible effective Yukawas as well as effective gauge couplings that
we have discussed in the context of N = 1 gauged supergravity action. However, the complex
phases responsible to generate non-zero EDM at one-loop level mainly appear from off-diagonal
contribution of sfermion as well as Higgs mass matrices at Electro-Weak scale. In our analysis,
we obtain dominant contribution of electron/neutron EDM around de/e ≡ O(10−29)cm from two-
loop diagrams involving heavy sfermions and a light Higgs, and de/e ≡ O(10−32)cm from one-loop
diagram involving heavy chargino and a light Higgs as propagators in the loop. The neutron EDM
gets a dominant contribution of the order dn/e ≡ O(10−33)cm from one-loop diagram involving
SM-like quarks and Higgs. To justify the possibility of obtaining a large EDM value in case of a
Barr-Zee diagram which involves W± and the Higgs (responsible to generate the non-trivial CP-
violating phase) in the two-loop diagrams as discussed in [1], we provide an analysis of the same
in the context of our D3/D7 µ-split SUSY model at the EW scale. By conjecturing that the
CP-violating phase can appear from the diagonalization of the Higgs mass matrix obtained in the
context of µ-split SUSY, we also get an EDM of electron/neutron around O(10−27)ecm in case of
the two-loop diagram involving W± bosons.
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1 Introduction
For the past few decades, string theoretic models have been considered to provide an excellent frame-
work for possible unification of gravity with all other fundamental forces. To study the phenomeno-
logical implications of these models, the same must invoke a particular SUSY breaking mechanism
(along with the SUSY breaking scale). The phenomenological models mainly rely on O(TeV) SUSY
breaking scale because this helps to solve serious gauge-hierarchy problems which in fact have been
considered as a primary motivation to introduce SUSY. However, low scale SUSY models give rise to
many unwanted phenomenological problems, such as flavor changing neutral currents. Motivated by
obtaining an extremely small cosmological constant and the string landscape scenario, an alternative
to these assumptions was proposed by Arkani-Hamed and Dimopoulos (dubbed as ‘Split SUSY’) in
[2] according to which SUSY is broken at an energy scale way beyond the collider search and could
be even near the scale of grand unification (GUT). The scenario is emerging to be quite interesting
from the point of view of phenomenology because of the fact that heavy scalars mostly appearing
as virtual particles in most of the particle decay studies, help to resolve many diverse issues of both
particle physics and cosmology. The µ- split SUSY model was proposed in [3] to alleviate the famous µ
problem by further splitting the split SUSY by raising µ-paramter to a large value. Though the exact
signatures may not be foreseeable in the near future via precise measurements to be carried out at
the Large Hadron Collider (LHC) however indirect methods can be made available to test some of the
signatures of this scenario. In this context, the EDM of the electron/neutron serves as another testing
ground for split SUSY scenario. Recently, the ACME collaboration has reported a new experimental
upper limit of |de| < 8.7 × 10−29ecm which is an order of magnitude improvement in sensitivity as
compared to previous limits [5, 6, 7, 8]. The current experimental limit on neutron EDM [9, 10] is
|dn/e| < 0.29 × 10−25cm.
In Standard Model, the CP-odd phases generated through Cabibo-Kobayashi-Masakawa Matrix
(CKM) give a theoretical bound on Electric Dipole Moment (EDM) which is far below the experimental
limits. However, new CP violating phases can appear in supersymmetric theories model from complex
soft SUSY breaking parameters. In addition to this, in string-inspired models, the CP-violating phases
are associated with complex Yukawa couplings originating from string compactifications [11, 12, 13, 14].
These CP violating phases associated with complex soft SUSY breaking parameters as well as Yukawa
couplings appearing in different supersymmetric models are typically large, i.e. O(1), and hence do
not satisfy the current experimental bounds on the electron and on the neutron EDM. One hence has
to put stringent constraints on the supersymmetric and in particular Supergravity (SUGRA) models.
More specifically, the limits can be satisfied if one considers (i) unnaturally small CP violating phases
of O(10−2 − 10−3), (ii) multi-TeV superpartners in the model or (iii) internal cancellations between
different supersymmetric contribution to EDM at loop-levels. The constraints on the CP violating
phases in the supersymmetric models have been discussed in [15, 16, 17] and the systematic analysis
of EDM up to two loops in the context of MSSM is provided in [18, 19, 20, 21]. In mSUGRA
models discussed in literature [22, 23, 24, 25, 26, 27], the EDMs bounds have been reconciled with the
experimental limits by showing sufficient cancellations among different supersymmetric contributions
without taking into account O(> TeV ) superpartners and any fine-tuning in phase angles. The main
difficulty in choosing multi-TeV scalars as an appropriate mechanism to generate EDM is because
the same abandons naturalness and also requires severe fine tuning while satisfying radiative EW
symmetry breaking. However, the non-observation of sparticles at LHC may points toward some sort
of fine-tuned natural SUSY [28, 29] or the high SUSY scale/split SUSY models [30, 31, 32]. Therefore,
it is interesting to probe high scale SUSY models, in particular µ-split SUSY models to explain the
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EDM within the reach of experimental limits because the same also helps to satisfy radiative EW
symmetry breaking condition by choosing natural value of µ, hence alleviating µ-problem. The region
of parameter space satisfying EDM value of the order of experimental limits has been analysed in [33]
in the presence of O(TeV ) superpartners in the mSUGRA model by considering moderate fine-tuning
in tan β.
Our approach is quite different in that the SUGRA models discussed in literature even in the
framework of string compactifications do not rely on high supersymmetry breaking scale. On the
other hand, the typical split supersymmetry models used to study the EDM of electron/neutron
include heavy sfermions but light gaugino and higgsino [34, 35]. We analyse the EDM of electron
and neutron in the supergravity limit of local large volume D3/D7 type IIB compactifications which
provides, to our knowledge, the first realisation of µ-split SUSY scenario (with large gaugino masses).
In typical split SUSY models, all possible one-loop contributions to EDM are highly suppressed by
the super heavy scalar masses in the loop and leading contributions to the EDM starts at the two-loop
level due to presence of SM particles and EW charginos and neutralinos in the loops (for the analysis
of two-loop Barr-Zee diagrams in different models, see [34, 35, 36, 37] and references therein). However
in our model, the gaugino and neutralino/chargino are almost as heavy as neutral scalars except one
light Higgs. Based on that, one can not ignore the contribution of one-loop diagrams because of
partial compensation of suppression factors appearing from heavy sfermion masses, by heavy fermions
(neutralino, chargino and gaugino)’ masses.
Therefore, in this paper, we perform a quantitative analysis of the neutron and electron EDMs
for all possible one-loop as well as two-loop diagrams in the context of large volume D3/D7 µ-split
supersymmetry. The non-zero imaginary phases that appear through mixing between L-handed and
R-handed sfermions (sfermions corresponding to left- and right-handed components of fermions) at
Electro-Weak scale, play an important role. In addition to discussing the one-loop diagrams that
exhibit non-zero phases through mixing between sfermions, we also take into account the loop diagrams
in which a unique phase appears through mixing between two Higgses at Electro-Weak scale. In the
large volume µ-split SUSY model of [38, 41], we have already calculated the eigenvalues of the Higgs
mass matrix at electroweak scale, which, with some fine tuning, eventually leads to one light Higgs and
one heavy Higgs. In this paper, we append the details of the complex phase associated with off-diagonal
components of the Higgs mass matrix too. Because of the presence of a light and a heavy Higgs in
our model, one can expect to get a reasonable order of magnitude of EDM of electron/neutron from
one-loop diagrams involving Higgs and other SM/supersymmetric particles. The complete analysis has
been carried out by including other interesting one-loop diagrams which involve sgoldstino’s (identified,
locally, with ‘big’ divisor (bulk) volume modulus in our set-up) as scalar particles in the loop. For
two-loop diagrams, we mainly focus on the Barr-Zee diagrams which involve fermion, sfermions and
W± as part of an internal loop, and are mediated through hγ exchange except one R-parity violating
diagram which involves fermion in the internal loop and is mediated through νLγ exchange. For the
complete analysis, we also calculate the contribution of rainbow-type two-loop diagrams involving
R-parity violating as well as R-parity conserving vertices. For all two-loop diagrams discussed in this
paper, the complex effective Yukawa couplings (associated with the e
K
2 (DDW )χ¯χ-term in the N = 1
gauged supergravity action of [39]) are sufficient to produce non-zero complex phases to generate
non-zero EDM.
The plan of the rest of the paper is as follows. In section 2, we elaborate upon our large volume
D3/D7 model discussed in [41]. We discuss the details of our phenomenological model in 2.1 and show
the same to be realizable, locally, as the large volume limit of a type IIB Swiss-Cheese Calabi-Yau
orientifold involving a mobile space-time fillingD3-brane localized at a nearly special Lagrangian three-
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cycle embedded in the ‘big’ divisor (hence the local nature of the model’s realization) and multiple
fluxed stacks of space-time filling D7-branes wrapping the same ‘big’ divisor in 2.2. After providing
the geometrical framework of the model in 2.2, we briefly mention the phenomenological results that
describe the possible identification of Wilson line moduli with first generation leptons and quarks as
well as their SU(2)L-singlet cousins, and D3-brane position moduli with two Higgses. Thereafter, we
briefly summarize the calculation and results corresponding to values of soft SUSY breaking parameters
as well as the supersymmetric fermionic masses. In section 3, we explain the origin of non-zero complex
phases obtained in the context of N = 1 gauged supergravity limit of our local D3/D7 model. We
also argue that phases of effective Yukawa couplings do not change under a renormalization group
flow from string scale down to the electroweak scale in our model. In section 4, we turn towards
order-of-magnitude estimates of EDM of electron/neutron for various possible one-loop diagrams.
The effective vertices are calculated by considering the N = 1 gauged supergravity action of [39, 40].
The complex phases, as already explained, can be made to appear through the complex off-diagonal
components of sfermion/Higgs mass matrix and complex effective Yukawa couplings appearing in all
one-loop diagrams. We assume the phases of both off-diagonal components of scalar mass matrix as
well as possible effective Yukawa’s to lie in the range (0, π2 ] in all the calculations. The section has
been divided into three subsections. In 4.1, we give a detailed discussion of one-loop diagrams which
involve sfermions as scalar propagators and gauginos, neutralinos and SM-like fermions as fermionic
propagators respectively. In 4.2, the one-loop diagrams are discussed which involve Higgs as scalar
propagator and chargino and SM-like fermions as fermionic propagators respectively. Here, the non-
zero imaginary phases appear through mixing between two Higgses at electroweak scale in the Higgs
mass matrix. In 4.3, we evaluate the contribution of heavy gravitino and sgoldstino multiplet to EDM
of electron/neutron. Though the loop diagrams involving the same are divergent, we pick out the finite
contributions for the purpose of obtaining an estimate of EDM of electron/neutron in case of heavy
gravitino. In section 5, we consider two-loop Barr-Zee diagrams. The section has been divided into
three subsections. In 5.1 - 5.2, we compute the two-loop diagrams which involve an internal fermion
loop and an internal sfermion loop. These diagrams are mediated by γh and γνL exchange. In 5.3, we
carry out an analysis of two-loop diagrams involving W boson loop in our µ-split SUSY model. In 5.4,
we discuss two-loop rainbow-type diagrams. Section 6 has the summary of our results and discussion.
There is one small appendix A: in this, we evaluate the chargino mass matrix using N = 1 gauged
supergravity action in the context of large volume D3/D7 µ-split SUSY set-up.
2 The Setup
In [41], within the context of type IIB string theory with a space-time fillingD3-brane and fluxed stacks
of D7-branes wrapping a divisor along with ED3/ED1-instanton generated super potential and world-
sheet instanton-corrected Ka¨hler potential, we worked locally, close to a nearly special Lagrangian
three-cycle (6) within a Swiss-Cheese type Calabi-Yau orientifold - various aspects of this setup will
be summarised in 2.2 in this section. But before we do the same, we will first briefly describe in 2.1,
a model that could be locally realized as a large volume D3/D7 Swiss-Cheese setup of [41]. In other
words, 2.1 embeds the local model of [41] into a phenomenological model, something which was not
done in [41]. Another way to put the same thing is that the phonomenological supergravity model
discussed in 2.1 can be locally geometrically engineered via the construct of [41].
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2.1 The Model
For an N = 1 compactification, we will take the phenomenological Ka¨hler potential of our model to
be:
KPheno = −ln [−i(τ − τ¯ )]− ln
(
−i
∫
CY3
Ω ∧ Ω¯
)
−2 ln
[
aB(σB + σ¯B − γKgeom) 32 − (
∑
i
aS,i(σS,i + σ¯S,i − γKgeom)) 32 +O(1)V
]
(1)
where the divisor volumes σα are expressible in terms of “Ka¨hler” coordinates Tα,MI
σα ∼ Tα −
[
iKαbccbBc + iCMIM¯J¯α (V)Tr
(
MIM†J¯
)]
, (2)
α = (B, {S, i}) and MI being SU(3c) × SU(2)L bifundamental matter field aI=2, SU(3c) × U(1)R
bifundamental matter field aI=4, SU(2)L × U(1)L bifundamental matter field aI=1, U(1)L × U(1)R
bifundamental matter field aI=3 along with SU(2)L ×U(1)L bifundamental z˜1,2 with the intersection
matrix: C
aI a¯J¯
α ∼ δBαCIJ¯α , C
aI ¯˜zj¯
α = 0, ρS,B,Ga = ca − τba being complex axionic fields (α, a running
over the real dimensionality of a sub-space of the internal manifold’s cohomology complex), and the
phenomenological superpotential is given as under:
WPheno ∼
(
z181 + z
18
2
)ns
e−n
svol(ΣS)−(αSz21+βSz22+γSz1z2), (3)
where the bi-fundamental z˜i in K will be equivalent to the z1,2 ∈ C in W . It is expected that
MI , TS,B,Ga will constitute theN = 1 chiral coordinates. The intersection matrix elements κS/Bab and
the volume-dependent C
MIM¯J¯
α (V), are chosen in such a way that at a local (meta-stable) minimum:
〈σS〉 ∼ 〈(TS + T¯S)〉 − iC z˜i ¯˜zj¯ (V)Tr
(〈z˜i〉〈¯˜zj¯〉) ∼ O(1)
〈σB〉 ∼ 〈(TB + T¯B)〉 − iC z˜i ¯˜zj¯ (V)Tr
(〈z˜i〉〈¯˜zj¯〉)− iCaI a¯J¯ (V)Tr (〈aI〉〈a¯J¯ 〉) ∼ ef〈σS〉,
(4)
where f is a fraction not too small as compared to 1, and the stabilized values of Tα around the
meta-stable local minimum:
〈ℜeTS〉, 〈ℜeTB〉 ∼ O(1). (5)
In the context of N = 1 type IIB orientifolds, in (4), α, a index respectively involutively even, odd
sectors of h1,1(CY3) under a holomorphic, isometric involution. If the volume V of the internal manifold
is large in string length units, one sees that one obtains a hierarchy between the stabilized values
〈ℜeτS,B〉 but not 〈ℜeTS,B〉.
2.2 Local Realisation of the Model of 2.1
We review the local D3-D7 brane framework presented in [41] which realizes the aforementioned
phenomenological supergravity model [(1) - (5)], locally, in string theory. In this, we consider type
IIB compactified on the orientifold of a Swiss-Cheese Calabi-Yau in the L(arge) V(olume) S(cenarios)
limit that includes non-(perturbative) α′ corrections and non-perturbative instanton-corrections in
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superpotential [42] in addition to a space-time filling D3-brane and multiple fluxed stacks of D7-
branes wrapping the ‘big’ divisor. We elaborate a little more than what was done in [41] on some
algebraic geometric aspects.
The ‘bottom-up’ approach to phenomenological models in the context of D-brane models to real-
ize SM spectrum was initiated in [43] by considering D3-branes on the top of orbifold singularities of
C
3/Z3 with additional intersecting D7-branes (with their world volumes transverse to respective com-
plex planes). In this model, quarks and one of the Higgs doublets are obtained from strings stretching
between different D3-branes while the other Higgs doublet, leptons and right handed quark (dR) are
obtained from strings stretching between D3 and D7-branes; the adjoint gauge fields correspond to
open strings starting and ending on the same D7-brane. Motivated by this approach, different models
were constructed in the context of compact Calabi-Yau compactifications by following configurations
of intersecting D7-branes wrapping different four-cycles (see [44, 45, 46, 47, 48, 49] and references
therein). With the progress of large volume moduli stabilisation [50], realistic constructions reproduc-
ing SM spectrum via D-branes were obtained by wrapping of D7-branes around blown-up cycle(s) [51]
(small divisor Σs in the geometry of Swiss-cheese Calabi-Yau orientifold), similar to the techniques
used in models of branes at singularities.
The configuration of D3-D7 branes as described in [41] was also obtained, locally, in the context
of large volume scenarios. However the setup of [41], is different from the aforementioned large
volume scenarios constructs because: (i) it considers four stacks of multiple (magnetized) D7-branes
in groups of 3(corresponding to U(1)×SU(2)c), 2 (corresponding to U(1)×SU(2)L),1 (corresponding
to a U(1)) and 1(corresponding to another U(1)) with the hypercharge corresponding to a linear
combination of the four U(1)s, wrapping around the ‘big’ divisor in the rigid limit of the same (given
that it was possible to locally stabilize the moduli corresponding to the fluctuations normal to the
‘big divisor’ ΣB around which D7-branes are wrapped, at null values) but with different choices of
two-form fluxes turned on the different two-cycles homologously non-trivial from the point of view
of this four-cycle’s Homology and not the ambient Swiss-cheese Calabi-Yau; (ii) it takes into account
the non-perturbative corrections in the Ka¨hler potential [42] in type IIB Swiss-cheese Calabi-Yau
orientifold compactification, not considered in the ‘Large Volume Scenario’ proposed in [50].
Further, similar in spirit to [61] - [63], by turning on different but small two-form fluxes on the
different two-cycles homologously non-trivial from the point of view of the ‘big’ divisor’s geometry as
a result of which initially adjoint-valued matter fields decompose into bi-fundamental matter fields
corresponding to the SM gauge groups, we provided explicit matrix-valued representations in [41]
for SU(3)c × SU(2)L bifundamental first-generation quarks, their right-handed EW singlet cousins,
SU(2)L×U(1)L bifundamental first-generation leptons and Higgs, as well as the the right-handed EW-
singlet leptonic cousins in [41]. All aforementioned matter fields arise from strings stretched between
D7-branes stacks with different two-form fluxes turned on. The leptons and quarks get identified with
the sermonic super-partners of Wilson line moduli AI and the Higgs with the D3-brane’s position
moduli zi; τ is the axion-dilaton modulus and Ga are NS-NS and RR two-form axions complexified
by the axion-dilaton modulus. In the orientifold-limit of F-theory, one considers an orientifold of
the Calabi-Yau involving a holomorphic isometric involution. Though the contribution to the Ka¨hler
potential from the matter fields ‘C37’ coming from open strings stretched between the D3- and D7-
branes wrapping ΣB for Calabi-Yau orientifolds is not known, but based on results for orientifolds of
(T 2)3 - see [52] - we guess the following expression: |C37|
2
TB
∼ V− 118 |C37|2 [using (9)]. Assuming C37 to
be stabilized at V−c37 , c37 > 0) this contribution would be sub-dominant relative to other contributions
to the Ka¨hler potential. We will henceforth ignore D3−D7-matter fields.
We will assume that in the coordinate patch (but not globally): |z1| ∼ V 136 , |z2| ∼ V 136 , |z3| ∼ V 16 ,
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the Calabi-Yau looks like the Swiss-Cheese WCP41,1,1,6,9[18]. The defining hypersurface for the same
is: u181 +u
18
2 +u
18
3 +u
3
4+u
2
5− 18ψ
∏5
i=1 ui− 3φ(u1u2u3)6 = 0. This can be thought of as the following
hypersurface in an ambient complex four-fold: P (x1, ..., x5; ξ) = 0 after resolution of the Z3-singularity
[54] [the x4 and x5 have been switched relative to [55]; n = 6 CP
1-fibration over CP2 with projective
coordinates x1,2,3, x4, x5 of [55] is equivalent to n = −6 with projective coordinates x1,2,3,, x5, x4 - see
[56]] with the toric data for the same given by:
x1 x2 x3 x4 x5 ξ
Q1 1 1 1 6 0 9
Q2 0 0 0 1 1 2
.
In the coordinate patch: x2 6= 0(implying one is away from the Z3-singular (0, 0, 0, x4, x5) inWCP41,1,1,6,9[18]),
ξ 6= 0, one sees that the following are the gauge-invariant coordinates: z1 = x1x2 , z2 = x3x2 , z3 =
x24
x32ξ
, z4 =
x25x
9
2
ξ . We henceforth assume the Calabi-Yau hypersurface to be written in this coordi-
nate patch as: z181 + z
18
2 + P(z1,2,3,4;ψ, φ) = 0. The divisor {x5 = 0} ∩ {P (x1,2,3,4,5; ξ) = 0} is
rigid with h0,0 = 1 (See [54]) satisfying the Witten’s unit-arithmetic genus condition, and that
the Calabi-Yau volume can be written as vol(CY3) =
τ
3
2
4
18 −
√
2τ
3
2
5
9 , implying that the ‘small divi-
sor’ Σs is {x5 = 0} ∩
{
z181 + z
18
2 + P(z1,2,3, z4 = 0;ψ, φ) = 0
}
and the ‘big’ divisor ΣB is {x4 = 0} ∩{
z181 + z
18
2 + P(z1,2,4, z3 = 0;ψ, φ) = 0
}
. Alternatively, using the toric data of [57]:
x1 x2 x3 x4 x5 ξ
Q1 1 1 1 0 0 −3
Q2 0 0 0 −2 −3 −1
,
one can verify that {ξ = 0}∩{P ′(x1,2,3,4,5; ξ) = 0} is the rigid blow-up mode with h0,0 = 1 (which can be
easily verified using cohomCalg3) and one can define gauge-invariant coordinates in the x2 6= 0, x4 6= 0
coordinate-patch: z1 =
x1
x2
, z2 =
x3
x2
, z3 =
(x5x1)2
x34
, z4 =
(x6x31)
2
x4
. Interestingly, we found in [41] that the
three-cycle
C3 : |z1| ≡ V
1
36 , |z2| ≡ V
1
36 , |z3| ≡ V
1
6 (6)
(the Calabi-Yau can be thought of, locally, as a complex three-fold M3 which is a T 3(swept out by
(argz1,argz2, argz3)-fibration over a large base (|z1|, |z2|, |z3|); precisely apt for application of mirror
symmetry as three T-dualities a la S(trominger) Y(au) Z(aslow)), C3 is almost a s(pecial) Lag(rangian)
sub-manifold because it satisfies the requirement that
f∗J ≈ 0, ℜe
(
f∗eiθΩ
)∣∣∣∣
θ=π
2
≈ vol(C3), ℑm
(
f∗eiθΩ
)∣∣∣∣
θ=π
2
≈ 0
where f : C3 → CY3). As the defining hypersurface of the Swiss-Cheese Calabi-Yau in x2 6= 0-
coordinate patch will be z181 + z
18
2 + ... which near C3 (implying that the other two coordinates will
scale like V 16 ,V 16 − V 14 ) receives the most dominant contributions from the monomials z181 and z182
it is sufficient to consider PΣS
∣∣∣
D3|near C3 →֒ΣB
,PΣB |near C3 →֒ΣB ∼ z181 + z182 with the understanding
|P(z1,2,3, z4 = 0;φ,ψ)|C3 , |P(z1,2,4, z3;φ,ψ)|C3 < |z181 + z182 |.
3We thank P.Shukla for verifying the same.
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The set of N = 1 chiral co-ordinates (in particular the ‘divisor volume’) gets modified in the
presence of D3- and D7-branes [40]. To evaluate the Wilson line moduli contribution in one of
the N = 1 chiral coordinates TB , due to inclusion of four Wilson line moduli on the world vol-
ume of space-time filling D7-branes wrapped around the ‘big’ divisor restricted to (nearly) a spe-
cial Lagrangian sub-manifold, we constructed distribution harmonic one-forms localized along the
mobile space-time filling D3-brane (restricted to the 3-cycle). Here, we review the construction of
involutively odd harmonic distribution one-forms in the large volume limit, as given in [41]. [The
most non-trivial example of involutions which are meaningful only at large volumes is mirror sym-
metry implemented as three T-dualities in [53] to a Calabi-Yau which locally can be thought of
as a T 3-fibration over a (large) base; all Calabi-Yau’s with mirrors (in the conventional sense) are
expected to have such a local fibration.] Harmonic distribution one-forms can be constructed by
integrating: dAI = (PΣB (z1,2))
I dz1 ∧ dz2with (I = 1, 2, 3, 4), near C3 →֒ ΣB; AI is harmonic
only within ΣB and not at any other generic locus outside ΣB in the Calabi-Yau manifold. Four
such distribution one-forms on ΣB localized along C3 corresponding to the location of the D3-
brane can be written as: AI ∼ δ
(
|z1| − V 136
)
δ
(
|z2| − V 136
)
[ωI(z1, z2)dz1 + ω˜I(z1, z2)dz2] . Writing
AI(z1, z2) = ωI(z1, z2)dz1 + ω˜I(z1, z2)dz2
4 where ω(−z1, z2) = ω(z1, z2), ω˜(−z1, z2) = −ω˜(z1, z2) and
∂1ω˜ = −∂2ω, one obtains (See [41]):
A1|C3 ∼ −z181 z192 dz1 + z191 z182 dz2, A2|C3 ∼ −z181 z2dz1 + z182 z1dz2,
A3|C3 ∼ −z181 z372 dz1 − z182 z371 dz1, A4|C3 ∼ −z361 z372 dz1 + z362 z371 dz2. (7)
Yang-Mills coupling constant: We now summarise the discussion on obtaining an O(1) gauge
coupling constant. The Yang-Mills gauge coupling constant squared for the i-th gauge group (i :
SU(3), SU(2), U(1)) will be given as:
1
g2j=SU(3)orSU(2)
= ℜe (TS/B)+ ln(P (ΣS)|D3|ΣB
)
+ ln
(
P¯ (ΣS)
∣∣
D3ΣB
)
+O(F 2j )τ (8)
where Re(TS/B) corresponds to size of divisor volume around which D7-branes are wrapped and
F 2j = F
α
j F
β
j καβ + F˜
α
j F˜
β
j καβ are the components of the two-form fluxes for the j
th-stack expanded out
in the basis of i∗wα, wα ∈ H1,1− (CY3), and F˜ aj are the components of two-form fluxes for the jth-stack
expanded out in the basis w˜a ∈ coker
(
H
(1,2)
− (CY3)→ H(1,1)− (σB)
)
. In dilute flux approximation,
gYM is mainly governed by size of divisor volume around which D7-branes are wrapped. Using the
distribution one-forms of (7), the N = 1 chiral co-ordinates with the inclusion of mobile D3-brane
position moduli z1,2 (which we identify with the ΣB coordinates) and mulitple matrix-valuedD7-branes
Wilson line moduli aI were guessed in [41]. The quadratic contribution arising in TB (the ‘big’ divisor)
due to Wilson line moduli contribution is of the form: iκ24µ7C
B
IJ¯
aI a¯J¯ with CB
IJ¯
=
∫
ΣB
i∗ω ∧ AI ∧ A¯J¯ ,
where ω ∈ H(1,1)+ (ΣB). In [41], we estimated the intersection matrices CBIJ¯ by constructing harmonic
one forms using equation (7). Also, coefficient of quadratic term (ωα)ij¯ z
i
(
z¯j¯ − i2 (Pa˜)j¯l z¯a˜zl
)
arising
in TB due to inclusion of position moduli zi was shown in [41] to be O(1) by calculating (ωB)ij¯ ∼
(ωS)ij¯ ∼ O(1) near z1,2 ∼ V
1
36√
2
(See [41]). Using the same, it was argued that, in the dilute flux
4Intuitively, these distribution one-forms could be thought of as the holomorphic square-root of a Poincare dual of a
four-cycle.
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approximation, gauge couplings corresponding to the gauge theories living on stacks of D7 branes
wrapping the ‘big’ divisor ΣB in the large volume limit, will given by:
g−2YM ∼ ℜe(TB) ∼ V ol(ΣB) + CIJ¯aI a¯J¯ + h.c. ∼ V
1
18 ∼ O(1).
(justified by the partial cancelation between between ΣB and CIJ¯aI a¯J¯ with some fine-tuning).
Stabilized potential of N = 1 local Large Volume D3-D7 set-up: As we do not have a global
picture, we content ourselves with a local bulk and open-string moduli stabilization near (6). We
showed in [41] that near (6), the moduli can be stabilised as under:
vol(ΣS) ∼ V 118 , vol(ΣB) ∼ V 23 ; Ga ∼ πO(1)ka(∼ O(10))MP ;
|z1,2| ≡ V
1
36MP , |z3| ≡ V
1
6MP ; |a1| ≡ V−
2
9MP , |a2| ≡ V−
1
3MP , |a3| ≡ V−
13
18MP , |a4| ≡ V−
11
9 MP ;
ζA=1,...,h
0,2
− (ΣB |C3 ) ≡ 0(implying rigidity of the non− rigid ΣB) (9)
such that ℜeTS ∼ ℜeTB ∼ V 118 and implying the possibility of obtaining a local meta-stable dS-like
minimum corresponding to the positive minimum of the potential eKGTS T¯S |DTSW |2 near (9), and
realising (5) and thereby the supergravity model of 2.1 for V ∼ 105 in ls = 1 units.
The Ka¨hler potential relevant to all the calculations (using modified N = 1 chiral co-ordinates) in
this paper (without being careful about O(1) constant factors) is given as under [41]:
K ∼ −2ln
(
aB
[
TB + T¯B
MP
− µ3(2πα′)2
{|z1|2 + |z2|2 + z1z¯2 + z2z¯1}
M2P
+ V 109 |a1|
2
M2P
+ V 1118 (a1a¯2 + h.c.)
M2P
+V 19 |a2|
2
M2P
+ V 2918 (a1a¯3 + h.c.)
M2P
+ V 109 (a2a¯3 + h.c.)
M2P
+ V 199 |a3|
2
M2P
+ V 199 (a1a¯4 + a4a¯1)
M2P
+
V 2918 (a2a¯4 + a4a¯2)
M2P
+ V 4718 (a3a¯4 + a4a¯3)
M2P
+ V 289 |a4|
2)
M2P
]3/2
−
aS
(
TS + T¯S
MP
− µ3(2πα′)2
{|z1|2 + |z2|2 + z1z¯2 + z2z¯1}
M2P
)3/2
+
∑
n0β(...)

 (10)
and ED3/ED1 generated non-perturbative superpotential used in [41] is given by:
W ∼
(
PΣS
∣∣∣
D3|near C3 →֒ΣB
∼ z181 + z182
)ns∑
ma
eiτ
m2
2 ein
sGamaein
sTs , (11)
which is like (3) assuming Ga, τ has been stabilized. The genus-zero Gopakumar-Vafa invariants
(which for projective varieties are very large) prefix the h1,1− -valued real axions ba, ca. In general there
are no known globally defined involutions, valid for all Calabi-Yau volumes, for which h1,1− (CY3) 6=
0, h0,1− (ΣB) 6= 0. However, as mentioned earlier, in the spirit of the involutive mirror symme-
try implemented a la SYZ prescription in terms of a triple of T dualities along a local T 3 in the
large volume limit, we argued in [58], e.g., z1 → −z1 would, restricted to C3, generate non-zero
h1,1−

 T 3(argz1,2,3)→M3(z1,2,3)↓
M3(|z1|, |z2|, |z3|)

. An example of holomorphic involutions near C3 not requiring a
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large Calabi-Yau volume has been discussed in [41]. However, even if h1,1− = 0, one can self-consistently
stabilize ca, ba to zero and σs, σb to V 118 ,V 23 such that the Ka¨hler potential continues to be stabilized
at −2lnV.
The evaluation of “physical”/normalized Yukawa couplings, soft SUSY breaking parameters and
various 3-point vertices needs the matrix generated from the mixed double derivative of the Ka¨hler
potential to be a diagonalized matrix. After diagonalization the corresponding eigenvectors of the
same were found in [41] to be given by:
A4 ∼ a4 + V− 35 a3 + V− 65 a1 + V− 95 a2 + V−2 (z1 + z2) ;
A3 ∼ −a3 + V− 35a4 − V− 35a1 − V− 75 a2 + V− 85 (z1 + z2) ;
A1 ∼ a1 − V− 35 a3 + V−1a2 − V− 65 a4 + V− 65 (z1 + z2) ;
A2 ∼ −a2 − V−1a1 + V− 75a3 − V− 35 (z1 + z2) ;
Z2 ∼ − (z1+z2)√2 − V
− 6
5 a1 + V− 35 a2 + V− 85 a3 + V−2a4;
Z1 ∼ (z1−z2)√2 − V
− 6
5 a1 + V− 35 a2 + V− 85a3 + V−2a4.
For V = 105, the numerical eigenvalues are estimated to be:
KZ1Z1 ∼ 10−5,KZ2Z2 ∼ 10−3,KA1A1 ∼ 104,KA2A2 ∼ 10−2,KA3A3 ∼ 107,KA4A4 ∼ 1012. (12)
Mass scales of SM-like particles: The effective Yukawa couplings can be calculated using Yˆ effCiCjCk ≡
e
K
2 Y effCiCjCk√
KCiC¯i
KCjC¯j
KCkC¯k
, Ci being an open string modulus which for us is δZ1,2, δA1,2,3,4. where Y effZiAIAJ
is given by O(Zi)-coefficient in the mass term eK2 DA¯IDA¯J W¯ χ¯AIχAJ in the N = 1 SUGRA action
of [39]. By estimating in the large volume limit, all possible Yukawa couplings corresponding to
four Wilson line moduli and showing that the RG-flow of the effective physical Yukawa’s change al-
most by O(1) under an RG flow from the string scale down to the EW scale [41], we see that for
V ∼ 105, 〈Zi〉 ∼ 246GeV :
O(Zi) term in eK2 DA1DA3W√
KZiZ¯iKA1A¯1KA3A¯3
≡ Yˆ effZiA1A3 ∼ 10−3 × V−
4
9 ,
giving 〈Zi〉YˆZ1A1A3 ∼MeV - about the mass of the electron;
O(Zi) term in eK2 DA2DA4W√
KZiZ¯iKA2A¯2KA4A¯4
≡ Yˆ effZiA2A4 ∼ 10−
5
2 × V− 49 ,
giving 〈zi〉YˆZiA2A4 ∼ 10MeV - close to the mass of the up quark! The above shows that fermionic
superpartners of A1 and A3 correspond respectively to first generation of left- handed SU(2) and
right-handed U(1) leptons while fermionic superpartners of A2 and A4 correspond respectively to
left-handed SU(2) and right-handed U(1) quarks. The diagonalised basis (12) was shown to also work
out for appropriately chosen matrix-valued aI and zi for multiple fluxed D7-brane stacks.
Computation of Soft Terms: By using the appropriate N = 1 coordinates as obtained in [40] due
to the presence of a single D3-brane and a single D7-brane wrapping the four-cycle (‘big’ divisor ΣB
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in a swiss-Cheese Calabi-Yau) along with D7-brane fluxes, the soft SUSY breaking parameters were
calculated in [41]. The value of scalar masses identified with the masses of squarks and leptons, so
obtained, turns out to be quite high but at the same time one gets one light Higgs, thus indicating
possibility of “split SUSY-like scenario” in a local large volume D3/D7 model.
We briefly review the evaluation of various soft supersymmetric as well as supersymmetry breaking
parameters in the model involving four-Wilson line moduli as described in [41]. The various soft terms
are calculated by power series expansion of superpotential as well as Ka¨hler potential,
W = Wˆ (Φ) + µ(Φ)ZIZJ + 1
6
YIJK(Φ)MIMJMK + ...,
K = Kˆ(Φ, Φ¯) +KIJ¯(Φ, Φ¯)MIMJ¯ + Z(Φ, Φ¯)MIMJ¯ + ...., (13)
where MI = (ZI ,AI). The soft SUSY breaking parameters are calculated by expanding N = 1 su-
pergravity potential, V = eK
(
KIJ¯DIWDJ¯W¯ − 3 |W |2
)
, in the powers of matter fieldsMI , after ex-
panding superpotential as well as Ka¨hler potential as according to equation (13). In gravity-mediated
supersymmetry breaking, SUSY gets spontaneously broken in bulk sector by giving a vacuum expec-
tation value to auxiliary F-terms. Hence, to begin with, one needs to evaluate the bulk F -terms which
in turn entails evaluating the bulk metric. Writing the Ka¨hler sector of the Ka¨hler potential in terms
of the bulk moduli as:
K ∼ −2ln
[
(σB + σ¯B − γKgeom)
3
2 − (σS + σ¯S − γKrmgeom)
3
2
+
∑
β∈H−2 (CY3)
n0β
∑
(n,m)
cos
(
ink · (G− G¯)gs +mk · (G+ G¯)
) , (14)
disregarding Kgeom (introduced due to the presence of a mobile space-time filling D3-brane) in the
large volume limit (See [59], [64]) and working near sin
(
ink · (G− G¯)gs +mk · (G+ G¯)
)
= 0 - corre-
sponding to a local minimum - using the stabilized VEV of σS/B and GS,B as given above equation
(10)- generated the following components of the bulk metric’s inverse in [41]:
Gmn¯ ∼


V 3736 V 1318 0 0
V 1318 V 43 0 0
0 0 O(1) O(1)
0 0 O(1) O(1)

 . (15)
Given that bulk F -terms are defined as [61]: Fm = e
K
2 Gmn¯Dn¯W¯ , one obtained in [41]:
F σS ∼ V−n
s
2
+ 1
36M2P , F
σB ∼ V−n
s
2
− 5
18M2P , F
Ga ∼ V−n
s
2
−1M2P . (16)
Hence after spontaneous supersymmetry breaking in the bulk, the gravitino mass is given by:
m3/2 = e
K |W |2 ∼ V−n
s
2
−1MP . (17)
The gaugino mass is given as:
mg˜ =
Fm∂mTB
ReTB
. V 23m3/2. (18)
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The analytic form of scalar masses obtained via spontaneous symmetry breaking is given as [61]:
m2I = (m
2
3
2
+ V0)− F m¯Fn∂m¯∂n logKII¯ . These were calculated in [41] to yield
mZi ∼ V
59
72m3/2,mA1 ∼
√
Vm3/2, (19)
implying a non-universality in the open-string moduli masses. Further in [41], we showed the univer-
sality in the trilinear A-couplings [61],
AIJK = Fm
(
∂mK + ∂mlnYIJK + ∂mln
(
KII¯KJ J¯KKK¯
)) ∼ V 3736m3/2 ∼ µˆZ1Z2 . (20)
The physical higgsino mass parameter µˆZ1Z2 turned out to be given by:
µˆZ1Z2 =
e
K
2 µZ1Z2√
KZ1Z¯1KZ2Z¯2
∼ V 1918m3/2. (21)
Further,
(µˆB)Z1Z2 =
e−iarg(W )+
K
2√
KZ1Z¯1KZ2Z¯2
Fm
(
∂mKµZ1Z2 + ∂mµZ1Z2 − µZ1Z2∂mln
(
KZ1Z¯1KZ2Z¯2
))
∼ µˆZ1Z2
(
Fm∂mK + F
σS − Fm∂mln
(
KZ1Z¯1KZ2Z¯2
)) ∼ V 1918+ 3736m23/2 ∼ µˆ2Z1Z2 , (22)
an observation which will be very useful in obtaining a light Higgs of mass 125 GeV .
Realizing light SM-like Higgs: We calculated in [41] the mass of light Higgs formed by linear
combination of two Higgs doublets (using the prescription as given in [2], to realize split SUSY)
by first calculating the masses of the latter which after soft supersymmetry breaking are given by
MHu,d = (m
2
Z1,2 + µˆ
2
Z1Z2)
1/2 and thereafter using RG solution to Higgs mass discussed in [38], we
obtained the contribution of Higgs doublets as well as the higgsino mass parameter µˆZ1Z2 at the EW
scale. The Higgs mass eigenstates are defined as:
H1 = Dh11Hu +Dh12Hd,H2 = Dh21Hu +Dh22Hd. (23)
where Dh =
(
cos θh2 − sin θh2 e−iφh
sin θh2 e
iφh cos θh2
)
,D†hM
2
hDh = diag(M
2
H1
,M2H2), and tan θh =
2|M2h21 |
M2h11
−M2h22
for a particular range of −π2 ≤ θh ≤ π2 .
The RG solution to Higgs mass formed after soft supersymmetry breaking in large tanβ (but less
than 50)-limit are given [38, 41] (assuming that m2Z2(Ms) ≡ m20 ≡ V
59
72m 3
2
(implying δ2 = 0 but
δ1,3,4 6= 0) and non-universality w.r.t. to both D3-brane position moduli masses (mZ1,2) given by δ1)
as:
µˆ2(EW ) ≡ −
[
−m20 − (0.01)(ns)2µˆ2Z1Z2 + (0.32)V
4
3m23/2 − 1/2M2EW + (0.03)V
2
3nsµˆZ1Z2m3/2 +
19π
2200
S0
]
,
m2Hu(EW ) ≡ m20(1 + δ1) +
1
2
M2EW +m
2
0 − (0.03)V
2
3nsµˆZ1Z2m3/2 + (0.01)(n
s)2µˆ2Z1Z2 ,
m2Hd(EW ) ≡ 2m20 − (0.06)V
2
3nsµˆZ1Z2m3/2 +
1
2
M2EW −
19π
1100
S0.
11
where S0 is hypercharge weighted sum of squared soft scalar mass having value around m
2
0. Assuming
µˆB ≡ ξµˆZiZj (ξ ≡ O(1)), the Higgs mass matrix is given as:(
m2Hu µˆB
µˆB m2Hd
)
∼
(
m2Hu ξµˆ
2
ξµˆ2 m2Hd
)
,
and the eigenvalues are given by: 12
(
m2Hu +m
2
Hd
±
√(
m2Hu −m2Hd
)2
+ 4ξ2µˆ4
)
. Using equation (24),
for δ1 = O(0.1) and O(1) ns, we have
m2Hu +m
2
Hd
∼ m20 − 0.06S0 + ...
m2Hu −m2Hd ∼ m20 + 0.06S0 + ..., µˆ2HuHd ∼ m20 − 0.03S0 + ...
Utilizing above, one sees that the eigenvalues are:
m2H1,2 = m
2
0 − 0.06S0 + .... ±
√(
m20 + 0.06S0 + ...
)2
+ 4ξ2
(
m20 − 0.03S0
)2
.
Considering S0 ∼ −4.2m20 and ξ2 ∼ 15 + 116
m2EW
m20
, we obtain one light Higgs (corresponding to the
negative sign of the square root) of order 125 GeV and one heavy Higgs (corresponding to the positive
sign of the square root) whereas the squared higgsino mass parameter µˆZ1Z2 then turns out to be
heavy with a value, at the EW scale of around Vm3/2.
Realization of µ-split like SUSY: We summarized above the different mass scales corresponding
to different supersymmetric particles as mentioned in the above paragraphs, and actually calculated
in [41] by considering Calabi-Yau volume V = 105 (The justification behind constraining a value of
Calabi-Yau V to be O(105) was based on the right identification of Wilson line moduli and position
moduli with SM particle spectrum). The gravitino appears to be the lightest supersymmetric particle
with mass around 108 GeV. The sfermion masses corresponding to first generation of quarks and
leptons (identifiable as Wilson line moduli mass in our framework as mentioned above) are very heavy
of the order 1010 GeV at string scale. Similarly, the gaugino masses also turns out to be heavy of the
order 1011 GeV. However, the higgsino masses turns out to be heavier of the order 1013 GeV. One
of the Higgs doublets was shown to have mass of the order 125 GeV, thus showing the possibility of
realizing µ-split like SUSY scenario (though there is a ‘split’ between mass of higgsino, and gaugino
and sfermions at very high energy scale; the SM fermions are light) in the context of our local LVS
D3-D7. The fine-tuning involved in the hyper charge weighted sum of soft scalar masses (S0) as well
as O(1) proportionality constant between the higgsino mass parameter squared µ2 and soft SUSY
parameter µB to obtain Higgs of the order 125 GeV seems acceptable at such high energy scales. The
results of mass scales of all SM as well as superpartners are summarized in Table 1 also.
Modified N = 1 gauged supergravity action in case of multiple D7-brane: We will be
using the following terms (written out in four-component notation or their two-component analogs
and utilizing/generalizing results of [40]) in the N = 1 gauged supergravity action of Wess and
Bagger [39] with the understanding thatmmoduli/modulini << mKK
(
∼ Ms
V 16
∣∣∣∣∣
V∼105/6
∼ 1014GeV
)
,Ms =
12
Quark mass Mq ∼ O(10)MeV
Lepton mass Ml ∼ O(1)MeV
Gravitino mass m 3
2
∼ V−n
s
2
−1MP ;ns = 2
Gaugino mass Mg˜ ∼ V 23m 3
2
(Lightest) Neutralino/Chargino Mχ03/χ
±
3
∼ V 23m 3
2
mass
D3-brane position moduli mZi ∼ V
59
72m 3
2
(Higgs) mass
Wilson line moduli mA˜I ∼ V
1
2m 3
2
(sfermion mass ) I = 1, 2, 3, 4
A-terms Apqr ∼ nsV 3736m 3
2
{p, q, r} ∈ {A˜I ,Zi}
Physical µ-terms µˆZiZj
(Higgsino mass) ∼ V 3736m 3
2
Physical µˆB-terms (µˆB)Z1Z2 ∼ V
37
18m23
2
Table 1: Mass scales of first generation of SM as well supersymmetric, and soft SUSY breaking
parameters.
MP√V
∣∣∣∣∣
V∼105/6
∼ 1015GeV , and that for multiple D7-branes, the non-abelian gauged isometry group5,
corresponding to the killing vector 6iκ24µ7 (2πα
′)QB∂TB , QB = (2πα
′)
∫
ΣB
i∗ωB ∧ P−f˜ arising due to
the elimination of of the two-form axions D
(2)
B in favor of the zero-form axions ρB under the KK-
reduction of the ten-dimensional four-form axion [40] (which results in a modification of the covariant
derivative of TB by an additive shift given by 6iκ
2
4µ7 (2πα
′)Tr(QBAµ)) can be identified with the SM
5As explained in [40], one of the two Pecci-Quinn/shift symmetries along the RR two-form axions ca and the four-form
axion ρB gets gauged due to the dualization of the Green-Schwarz term
∫
R1,3
dD
(2)
B ∧A coming from the KK reduction
of the Chern-Simons term on ΣB ∪ σ(ΣB) - D
(2)
B being an RR two-form axion. In the presence of fluxes for multiple
D7-brane fluxes, the aforementioned Green-Schwarz is expected to be modified to Tr
(
QB
∫
R1,3
dD
(2)
B ∧ A
)
, which after
dualization in turn modifies the covariant derivative of TB and hence the killing isometry.
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group (i.e. Aµ is the SM-like adjoint-valued gauge field [39]):
L = gYMgTB J¯ Tr
(
XTB χ¯J¯L λg˜, R
)
+ igIJ¯ Tr
(
χ¯I¯L
[
/∂χIL + Γ
i
Mj /∂a
MχJL +
1
4
(
∂aMK/∂aM − c.c.
)
χIL
])
+
e
K
2
2
(DI¯DJ W¯)Tr (χILχJR)+ gTB T¯BTr [(∂µTB −AµXTB) (∂µTB −AµXTB)†]
+gTBJ Tr
(
XTBAµχ¯
J
L γ
νγµψν, R
)
+ ψ¯L, µσ
ρλγµλg˜, LFρλ + ψ¯L, µσ
ρλγµλg˜, LW
+
ρ W
−
λ
+Tr
[
λ¯g˜, L /A
(
6κ24µ7(2πα
′)QBK +
12κ24µ7(2πα
′)QBvB
V
)
λg˜, L
]
+
eKGTB T¯B
κ24
6iκ24(2πα
′)Tr
[
QBA
µ∂µ
(
κ24µ7(2πα
′)2CIJ¯aI a¯J¯
)]
+ h.c.
−fab
4
F aµνF
b muν +
1
8
fabǫ
µνρλF aµνF
b
ρλ −
i
√
2
4
g∂i/IfabTr
(
12κ24µ7(2πα
′)QaBv
B
V λ¯
b
g˜,Lχ
i/I
R
)
+ h.c.
−
√
2
4
∂i/IfabTr
(
λ¯ag˜,Rσ
µνχ
i/I
L
)
F bµν + h.c., (24)
3 CP Violating Phases
In this section we explain the possible origin of CP-violating phases in the N = 1 gauged supergravity
limit of large volume D3/D7-µ split SUSY model. The electric dipole moment of a spin-12 particle is
defined by the effective CP violating dimension-5 operator given as: LI = − i2df ψ¯σµνγ5ψFµν . Given
that the effective operator is non-renormalizable, the same can be realized at the loop level provided
the theory contains a source of CP violation. In Standard Model, CP violating phases in general appear
from the complex Kobayashi Maskawa (CKM) phases in the quark mass matrix but the same get a non-
zero contribution only at three-loop level in Standard Model. However, in supersymmetric theories,
instead of CKM phase generated in Standard Model, one can consider the new phases appearing
from complex parameters of soft-SUSY breaking terms, complex effective Yukawa couplings as well as
supersymmetric mass terms.
We consider the existence of non-zero phases appearing from complex effective Yukawa couplings
present in N = 1 gauged supergravity action. As discussed in [41], the position as well as Wilson line
moduli identification with SM-like particles generate effective Yukawa couplings including R-parity
conserving as well as R-parity violating ones in the context of N = 1 gauged supergravity action [41],
and the solution of RG evolution of effective Yukawa couplings at one-loop level yields:
YˆΛΣ∆(t) ∼ YˆΛΣ∆(Ms)
3∏
(a)=1
(
1 + β(a)t
)−2(C(a)(Λ)+C(a)(Σ)+C(a)(∆))
b(a) . (25)
Using the fact that quadratic Casimir invariants as well as beta functions are real, we see that mag-
nitudes of Yukawa couplings YˆΛΣ∆s change only by O(1) while phases of all Yukawas do not change
at all as one RG-flows down from the string to the EW scale. Also, given that all four-Wilson line
moduli AI as well as position moduli ZI are stabilized at different values; we make an assumption
that there will be a distinct phase factor associated with all position as well as Wilson line moduli
superfields which produces an overall distinct phase factor for each possible effective Yukawa coupling
corresponding to four Wilson line moduli as well as position moduli.
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The other important origin of generation of non-zero phases are given by complex soft SUSY
breaking parameters (m2i ,AIJK , µB) as well supersymmetric mass term µ. The soft SUSY scalar
mass terms can be made real by phase redefinition. However, in addition to the diagonal entries of
sfermions corresponding to fermions with L-handed as well as R-handed chirality in the sfermion mass
matrix, one gets an off-diagonal contribution because of mixing between L-R sfermion masses after
EW-symmetry breaking. The contribution of the same is governed by complex trilinear couplings as
well as supersymmetric mass parameter µ at EW scale. Therefore, the scalar (sfermion) fields f˜L
and f˜R have been considered as linear combinations of the mass eigenstates which are obtained by
diagonalizing sfermion (mass)2 matrices [24] i.e.
f˜L = Df11 f˜1 +Df12 f˜2, f˜R = Df21 f˜1 +Df22 f˜2. (26)
where f corresponds to first generation leptons and quarks and
Df =
(
cos
θf
2 − sin
θf
2 e
−iφf
sin
θf
2 e
iφf cos
θf
2
)
, (27)
and the mass matrix is given as follows:
M2
f˜
=
(
M2
f˜L
mu(A∗f − µ cot β)
mu(Af − µ∗ cot β) M2f˜R
)
EW
, (28)
where AIJK corresponds to complex trilinear coupling parameter. Diagonalizing the above matrix
by performing unitary transformation: D†fM
2
f˜
df = diag(M
2
f˜1
,M2
f˜2
), where tan θf =
2|M2
f˜21
|
M2
f˜11
−M2
f˜22
. The
eigenvalues M2
f˜1
and M2
f˜2
are as follows:
M2
f˜(1)(2)
=
1
2
(M2
f˜11
+M2
f˜22
)(+)(−)1
2
[(M2
f˜11
−M2
f˜22
)2 + 4|M2
f˜21
|2] 12 . (29)
For f = e,A∗e = AZIA1A3 ; for f = (u, d),A∗u/d = AZIA2A4 . In our model as discussed in section 2, we
have universality in trilinear couplings w.r.t position as well as Wilson line moduli. Assuming the same
to be true at EW scale, the values of trilinear coupling parameters are AZIA1A3 = AZIA2A4 = V
37
36m 3
2
.
As given in section 2, the value of supersymmetric mass parameter µ at EW scale is V 5972m 3
2
. Also
we have universality in slepton (squark) masses of first two generations. Therefore, M2e˜11 = M
2
e˜22 =
M2u˜11 =M
2
u˜22 ∼ Vm23
2
, and
|M2e˜21|2 = me|A∗e − µ cot β| ≡ (V
37
36 )mem 3
2
<< M2e˜11,
|M2u˜21|2 = mu|A∗u − µ cot β| ≡ (V
37
36 )mem 3
2
<< M2u˜11. (30)
Using the above, one can show that eigenvalues of sfermion mass matrixM2
f˜(1)(2)
∼Mf˜2L,R = Vm
2
3
2
. The
aforementioned mass eigenstates can be utilized to produce non-zero phase responsible to generate
finite EDM of electron as well as neutron in the one-loop diagrams involving sfermions as scalar
propagators, and gaugino and neutralino as fermionic propagators.
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4 One-Loop Contribution to Electric Dipole Moment
At one-loop level, for a theory of fermion ψf interacting with other heavy fermions ψi’s and heavy
scalars φk’s with masses mi, mk and charges Qi, Qk, the interaction that contains CP violation in
general is given by [24]:
− Lint =
∑
i,k
ψ¯f
(
Kik
1− γ5
2
+ Lik
1 + γ5
2
)
ψiφk + h.c (31)
Here L violates CP invariance iff Im(KikL∗ik) 6= 0. and one-loop EDM of the fermion f in this case is
given by ∑
i,k
mi
(4π)2m2k
Im(KikL
∗
ik)
(
QiA
(
m2i
m2k
)
+QkB
(
m2i
m2k
))
, (32)
where A(r) and B(r) are defined by
A(r) =
1
2(1− r)2
(
3− r + 2lnr
1− r
)
, B(r) =
1
2(r − 1)2
(
1 + r +
2rlnr
1− r
)
, (33)
where, Qk = Qf −Qi.
We use the above-mentioned results to get an order-of-magnitude estimate of EDM of elec-
tron/quark in the context of N = 1 gauged supergravity by including all SM as well as supersymmetric
particles in the loop diagram. The EDMs of the neutron can be estimated by calculating the contri-
bution of u and d quarks by using relation dn = (4dd − du)/3. Since in our model, we have identified
both up- as well as down-quark with single Wilson line modulus, we will have same contribution of
EDM for both up and down-quarks. Hence, the neutron EDM is same as up-quark EDM. Therefore,
in the calculations below, we will estimate EDM of electron and up quark only.
4.1 One-Loop Diagrams involving Neutral Sfermions in the Loop
Gaugino contribution: In this subsection, we estimate the contribution of electron/neutron EDM
at one-loop level due to presence of heavy gaugino nearly isospectral with heavy sfermions (for the
Calabi-Yau volume V = 105 in string-length units). In traditional split SUSY models discussed in
literature, the masses of sfermions are very heavy while gaugino as well as higgsino’s are kept light
because of the gauge coupling unification. Therefore, one-loop diagrams involving sfermion-gaugino
exchange do not give any significant contribution to EDM of fermion . However in the large volume
D3−D7 set-up that we have discussed, the gaugino as well as higgsino also turn out to be very heavy.
As it is clear from the equation (31), the order of magnitude of EDM at one-loop level is directly
proportional to fermion mass and inversely proportional to sfermion masses circulating in the loop
whereas the one-loop function can almost be of O(0.1 − 1) provided either the difference between
fermion and sfermion mass is of O(1) or the fermion mass is very light as compared to sfermion mass.
Therefore, naively one would expect an enhancement in the order of magnitude of one-loop EDM due
to presence of heavy fermions circulating in a loop. In view of this, we estimate the contribution of
one-loop EDM of electron as well as neutron in N = 1 gauged supergravity limit of large volume
D3/D7 µ-split SUSY model discussed in section 2. However, the CP violation (imaginary phases)
can be induced in a loop diagram by considering diagonalized eigenstates of sfermion mass matrix as
propagators in the loop. The loop diagram is given in Figure 1.
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f˜i
f˜i
fL
γ
fR
λ˜0
Figure 1: One-loop diagram involving gaugino.
The effective one-loop operator given in equation (31) can be recasted in the following form:
Lint =
∑
i=e,u,d
ψ¯fi
(
Ki
1− γ5
2
+ Li
1 + γ5
2
)
φf˜i λ˜
0 + h.c (34)
For i = 1, 2, above equation can be expanded as:
− Lint = ψ¯f
(
K1
1− γ5
2
+ L1
1 + γ5
2
)
φf˜1λ˜
0 + ψ¯f
(
K2
1− γ5
2
+ L2
1 + γ5
2
)
φf˜2 λ˜
0 + h.c., (35)
and one-loop EDM of the fermion f in this case will be given as:
m
λ˜0i
(4π)2
[
1
mf˜21
Im(K1L
∗
1)
(
Q′
f˜1
B
(
m2
λ˜0
mf˜21
))
+
1
mf˜22
Im(K2L
∗
2)
(
Qf˜2B
(
m2
λ˜0
mf˜22
))]
. (36)
where m
λ˜0
corresponds to gaugino mass, mf˜1 and mf˜2 correspond to masses of eigenstates of diago-
nalized sfermion mass matrix. and Q′
f˜i
corresponds to effective charge defined as: Q′
f˜i
∼ Qf˜iCf˜if˜iγ ,
where Cf˜if˜iγ will be volume suppression factor coming from sfermion-photon-sfermion vertex.
To determine the value of one-loop EDM in this case, we first calculate the contribution of required
vertices involved in Figure 1. In N = 1 gauged supergravity, lepton(quark)-slepton(squark)-gaugino
interaction are governed by [39] following term:
L
f−f˜−λ˜0 = gYMgJT¯BX
∗Bχ¯J¯ λ˜0 + ∂JTBDBχ¯J¯λ0.
where χ¯J¯ corresponds to spin 12 fermion, X
∗B is killing isometry vector and λ˜0 corresponds to SU(2)-
singlet component of neutral gaugino. Though the gauge coupling gYM is real, the non-zero phase
factor is produced from moduli space metric component gJT¯B and is associated with the volume
suppression factor arising from the same. Hence, effective gauge coupling interaction vertex generate
a particular phase factor which we consider to be of the order O(1).
We repeatedly mention that to get the numerical estimate of contribution of aforementioned ver-
tices, we use the identification described in [41] according to which fermionic superpartners of A1
and A3 can be identified, respectively with eL and eR, and the fermionic superpartners of A2 and
A4 can be identified, respectively with the first generation quarks: uL/dL and uR/dR. In principle,
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incoming left-handed electron(quark) can couple with scalar superpartners of both left-handed as well
as right-handed leptons(quarks). Therefore, for a left handed electron eL interacting with slepton as
well as gaugino, interaction vertex will be given as
L
eL−e˜−Λ˜0 = gYMgA1T¯BX
∗Bχ¯A¯1 λ˜0 + ∂a1TBD
Bχ¯a¯1λ0. (37)
To calculate the contribution of eL − e˜L − λ˜0 vertex, we expand gA1T¯B in the fluctuations linear in
A1 around its stabilized VEV. In terms of undiagonalized basis, we have: gTB a¯1 → −V−
1
4 (a1 − V− 29 ).
Using TB = V ol(σB)−CIJ¯aI a¯J¯ + h.c., where the values of intersection matrices CIJ¯ are given in the
appendix of [41]. Utilizing those values, we get ∂a1TB → V
10
9 (a1 − V− 29 ). Using the argument that
gYMgTB a¯1 ∼ O(1)gY MgTBA¯1 as shown in [41]; incorporating values of XB = −6iκ24µ7QTB , κ24µ7 ∼
1
V ,D
B =
4πα′κ24µ7QBv
B
V and QTB ∼ V
1
3 (2πα′)2f˜ , we get the contribution of physical gaugino(λ˜0)-
lepton(eL)-slepton(e˜L) interaction vertex as follows :
|C
eLe˜Lλ˜0
| ≡ V
− 2
9 f˜√
KˆA1A¯1
√
KˆA1A¯1
A˜1χ¯A¯1 λ˜0 ≡ f˜
(V−1) (38)
, where f˜ is dilute flux and upper limit of the same as calculated in [38] is V− 2330 ∼ O(10−4) for
Calabi-Yau volume V ∼ 105.
Similarly, contribution of physical gaugino(λ˜0)- quark(uL)-squark(u˜L) interaction vertex will be
given by expanding gA2T¯B in the fluctuations linear in A2 around its stabilized VEV. Doing so, one
will get: gTB a¯2 → −V−
5
4 (a2 − V− 13 ), ∂a2TB → V
1
9 (a2 − V− 13 ), and
|C
uLu˜Lλ˜0
| ≡ V
− 11
9 f˜√
KˆA2A¯2
√
KˆA2A¯2
A˜2χ¯A¯2 λ˜0 ≡ f˜
(
V− 45
)
. (39)
The gaugino(λ˜0) - fermion(fL)-sfermion(f˜R) vertex does not possess SU(2) electroweak symmetry.
However, terms in supergravity Lagrangian preserve SU(2) EW symmetry. Therefore, we first generate
a term of the type fLf˜Rλ˜0HL wherein HL is SU(2)L Higgs doublet. After spontaneous breaking of
the EW symmetry when HL acquires a non-zero vev 〈H0〉, this term generates: 〈H0〉fLf˜Rλ˜0. For
fL,R = eL,R, by expanding gA1T¯B in the fluctuations linear in Zi and then linear in A3 around their
stabilized value, we have: gTBA¯1 → V−
13
36 〈Z1〉(A3 − V− 1318 ). The contribution of physical gaugino(λ˜0)-
lepton(eL)-slepton(e˜R) interaction vertex will be as follows :
|C
eLe˜Rλ˜0
| ≡ gYMgTBA¯1X
TB ∼ V− 1918 f˜√
KˆZ1Z¯1KˆA1A¯1KˆA3A¯3
A˜3χ¯A¯1 λ˜0 ≡ f˜
(
V− 159
)
. (40)
For fL,R = uL,R, by expanding gA2T¯B in the fluctuations linear in Zi and then linear in A4 around
their stabilized value, we have: gTBA¯2 → V−
13
36 〈Z1〉(A4 − V− 119 ), and
|C
uLu˜Rλ˜0
| ≡ gYMgTBA¯2X
TB ∼ V− 1918 f˜√
KˆZ1Z¯1KˆA2A¯2KˆA4A¯4
A˜4χ¯A¯2 λ˜0 ≡ f˜
(
V− 149
)
. (41)
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Similarly, outgoing right-handed electron (quark) can couple with both left handed as well as right
handed sleptons(squarks) and include the gaugino(λ˜0)-fermion(fR)-sfermion(f˜L) vertex in a loop di-
agram. The same does not possess SU(2) EW symmetry. For fL,R = eL,R, by expanding gA3T¯B
first in the fluctuations linear in Z1 and then linear in A1 around their stabilized VEV’s, we have:
gTBA¯3 → −V−
13
36 〈Z1〉(A1−V− 29 ). The physical gaugino(λ˜0)- lepton(eR)-slepton(e˜L) interaction vertex
will be given as :
|C
eRe˜Lλ˜0
| ≡ gYMgTBA¯3X
TB ∼ V− 1918 f˜√
KˆZ1Z¯1KˆA1A¯1KˆA3A¯3
A˜1χ¯A¯3 λ˜0 ≡ f˜
(
V− 159
)
. (42)
For fL,R = uL,R, one gets: gTBA¯4 → −V−
13
36 〈Z1〉(A2 − V− 13 ), and
|C
uRu˜Lλ˜0
| ≡ gYMgTBA¯2X
TB ∼ V− 1918 f˜√
KˆZ1Z¯1KˆA2A¯2KˆA4A¯4
A˜2χ¯A¯4 λ˜0 ≡ f˜
(
V− 149
)
. (43)
To calculate the contribution of eR − e˜R − λ˜0 vertex, we expand gA3T¯B in the fluctuations linear in
A3, and obtain: gTBA¯3 → −V
7
9 (A3 − V 1318 ), ∂A3TB → V
19
9 (A3 − V− 1318 ). Utilizing this, the physical
gaugino(λ˜0)- lepton(eR)-slepton(e˜R) interaction vertex will be given as :
|C
eR e˜Rλ˜0
| ≡ V
7
9 f˜√
KˆA3A¯3KˆA3A¯3
A˜3χ¯A¯3 λ˜0 ≡ f˜
(
V− 35
)
. (44)
Similarly, by expanding gA4T¯B in the fluctuations linear in A4, we will have gTBA¯4 → −V
16
9 (A4 −
V 119 ), ∂A4TB → V
28
9 (A4 − V− 119 ), and
|C
uRu˜Rλ˜0
| ≡ V
16
9 f˜√
KˆA4A¯4KˆA4A¯4
A˜4χ¯A¯4 λ˜0 ≡ f˜
(
V− 35
)
. (45)
To determine the contribution of effective chargeQ′i, we need to evaluate the contribution of sfermion(f˜i)-
photon(γ)-sfermion(f˜i) vertices which are expressed in terms of f˜L/R basis as below:
Cf˜1f˜1γ ∼ Df11D∗f11Cf˜Lf˜L∗γ + (Df11D
∗
f12 +Df12D
∗
f12)Cf˜Lf˜R
∗
γ
+Df12D
∗
f12Cf˜Rf˜R
∗
γ
,
Cf˜2f˜2γ ∼ Df21D∗f21Cf˜Lf˜L∗γ + (Df21D
∗
f22 +Df22D
∗
f21)Cf˜Lf˜R
∗
γ
+Df22D
∗
f22Cf˜Rf˜R
∗
γ
. (46)
The sfermion-sfermion-photon vertex can be evaluated from the bulk kinetic term in the N = 1 gauged
supergravity action as given below:
L = 1
κ24V2
GTB T¯B▽˜µTB▽˜
µ
T¯B¯ , (47)
where
▽˜µTB = ∂µTB + 6iκ24µ7lQTBAµ;
TB ∼ σB +
(
iκBbcc
bBc + κB + i
(τ − τ¯)κBbcG
b(Gc − G¯c)iδBBκ24µ7l2CIJ¯B aI a¯J¯ +
3i
4
δBBτQf˜
+iµ3l
2(ωB)ij¯z
i
(
z¯j¯ − i
2
z¯a˜(P¯a˜)j¯l zl
))
. (48)
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The form of expression that eventually leads to give the contribution of required sfermion-sfermion-
photon vertex is as given below:
CfL/Rf∗L/Rγ ∼
6iκ24µ72πα
′QBGTB T¯B
κ24V2
Aµ∂µ
(
κ24µ7(2πα
′)2Cij¯AiA¯j¯
)
(49)
Using GTB T¯B (EW ) ∼ V 73 (the large value is justified by obtaining O(1) SM fermion-fermion-photon
coupling vertex in N = 1 gauged supergravity action; see details therein), QB ∼ V 13 f˜ , κ24µ7 ∼ 1V ,
the above expression reduces to |CfL/Rf∗L/Rγ | ≡ V
1
3Aµ∂µ
(
κ24µ7(2πα
′)2Cij¯A˜iA˜j¯
)
. For i = j = 1,
κ24µ7(2πα
′)2C11¯ ∼ V
10
9 as given in appendix of [41]. Using the same
|Ce˜Le˜L∗γ | ≡
V 169 f˜√
KˆA1A¯1KˆA1A¯1
≡ (V 4445 f˜)A˜1Aµ∂µA˜1. (50)
For i = 1, j = 3; κ24µ7(2πα
′)2C13¯ ∼ V
29
18 , we have
|Ce˜Le˜R∗γ | ≡
V 4118 f˜√
KˆA1A¯1KˆA3A¯3
≡ (V 5345 f˜)A˜1Aµ∂µA˜3. (51)
For i = j = 3; κ24µ7(2πα
′)2C33¯ ∼ V
19
9 and
|Ce˜Re˜R∗γ | ≡
V 259 f˜√
KˆA3A¯3KˆA3A¯3
≡ (f˜V 6245 )A˜3Aµ∂µA˜3. (52)
For i=j=2, κ24µ7(2πα
′)2C22¯ ∼ V
1
9 and
|Cu˜Lu˜L∗γ | ≡
V 79 f˜√
KˆA2A¯2KˆA2A¯2
≡ (f˜V 5345 )A˜2Aµ∂µA˜2. (53)
For i = 2, j = 4, κ24µ7(2πα
′)2C24¯ ∼ V
29
18 and
|Cu˜Lu˜R∗γ | ≡
V 4118 f˜√
KˆA2A¯2KˆA4A¯4
≡ (f˜V 2318 )A˜2Aµ∂µA˜4. (54)
For i = j = 4, κ24µ7(2πα
′)2C44¯ ∼ V
28
9 and
|Cu˜Ru˜R∗γ | ≡
V 349 f˜√
KˆA4A¯4KˆA4A¯4
≡ (f˜V 6245 )A˜4Aµ∂µA˜4. (55)
Substituting the results given in eqs. (50)-(55) in equation (46), the volume suppression factors corre-
sponding to scalar-scalar-photon vertices are given as follows:
Ce˜1e˜1γ ≡ f˜
(
V 4445 cos2 θe − V
53
45 cos θe sin θe(e
iφe + e−iφe)eiφge + V 6245 sin2 θe
)
,
Ce˜2e˜2γ ≡ f˜
(
V 4445 sin2 θe + V
53
45 cos θe sin θe(e
iφe + e−iφe))e−iφge + V 6245 cos2 θe
)
,
Cu˜1u˜1γ ≡ f˜
(
V 5345 cos2 θu − V
23
18 cos θu sin θe(e
iφu + e−iφu))eiφgu + V 6245 sin2 θu
)
,
Cu˜2u˜2γ ≡ f˜
(
V 5345 sin2 θu + V
23
18 cos θu sin θu(e
iφu + e−iφu))e−iφgu + V 6245 cos2 θu
)
, (56)
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where φge and φgu are phase factors associated with Ce˜Le˜∗Rγ
and Cu˜Lu˜∗Rγ
- we consider the same to be
O(1). Now, the Lagrangian relevant to couplings involved in one-loop diagram shown in Figure 1 is
given as:
L = CfLf˜∗Lλ˜0i fLf˜Lλ˜
0 +CfLf˜∗Rλ˜
0
i
fLf˜Rλ˜0 + Cf∗Rf˜Lλ˜
0
i
fRf˜Lλ˜0 + Cf∗Rf˜Rλ˜
0
i
fRf˜Rλ˜0. (57)
where, from eqs. (38)-(45), we have:
|CeLe˜∗Lλ˜0i | ≡ f˜V
−1, |CeR e˜∗Rλ˜0i | ≡ f˜V
− 3
5 , |Ce∗R e˜Lλ˜0i | ≡ |Ce∗Le˜Rλ˜0i | ≡ f˜V
− 15
9
|CuLu˜∗Lλ˜0i | ≡ f˜V
− 4
5 , |CuRu˜∗Rλ˜0i | ≡ f˜V
− 3
5 , |Cu∗Ru˜Lλ˜0i | ≡ |Cu∗Lu˜Rλ˜0i | ≡ f˜V
− 14
9 . (58)
Writing f˜L as well as f˜R given in equation (57) in terms of diagonalized basis f˜1 and f˜2, the equation
takes the form as of equation (35):
Lint = χ¯f
(
(Cλ0i fLf˜L
Df11 + Cλ0i fLf˜R
Df21)
1 + γ5
2
+ (Cλ0i fRf˜L
Df11 + Cλ0i fRf˜R
Df21)
1− γ5
2
)
φf1 λ˜
0
+ χ¯f
(
(Cλ0i fLf˜L
Df12 + C
χ0i fLf˜RDf22)
1 + γ5
2
+ (Cλ0i fRf˜L
Df12 + Cλ0i fRf˜R
Df22)
1− γ5
2
)
φf2 λ˜
0 + h.c.. (59)
Using equation (36), the EDM expression will take the form:
df
e
|λ0i =
mλ˜0i
(4π)2
[ 1
m2
f˜1
Im
(
Cλ0i fLf˜L
Cλ0i fRf˜R
Df11D
∗
f21 + Cλ0i fLf˜R
Cχ0i fRf˜L
Df21D
∗
f11
)
Q′
f˜1
B
(m2
λ˜0i
mf˜21
)
+
1
m2
f˜2
Im
(
Cλ0i fLf˜L
Cχ0i fRf˜R
Df12D
∗
f22 + Cλ0i fLf˜R
Cλ0i fRf˜L
Df22D
∗
f12
)
Q′
f˜2
B
(m2
λ˜0i
mf˜22
)]
. (60)
Considering fL,R = eL,R, incorporating results of interaction vertices as given in equation (58) and us-
ing the assumption that phase factors associated with effective gauge couplings are O(1), the dominant
contribution of electron EDM is given as:
de
e
|λ0i ≡
mλ˜0(f˜
2V− 85 sinθe sinφe)
(4π)2
[
Ce˜2e˜2∗γ
m2e˜2
B
(
m2
λ˜0
me˜22
)
− Ce˜1e˜1∗γ
m2e˜1
B
(
m2
λ˜0
me˜21
)]
. (61)
For fL,R = uL,R, quark EDM will be given as:
du
e
|λ0i ≡
mλ˜0(f˜
2V− 75 sinθu sinφu)
(4π)2
[
Cu˜2u˜2∗γ
m2u˜2
B
(
m2
λ˜0
mu˜22
)
− Cu˜1u˜1∗γ
m2u˜1
B
(
m2
λ˜0
mu˜21
)]
. (62)
Putting the values 6 of Ce˜ie˜i∗γ and Cu˜iu˜i∗γ as given in equation no (56), we get
de
e
|λ0 ≡
mλ˜0(f˜
2V− 85 sinθe sinφe)
(4π)2
V 6245 f˜
[
cos2 θe
m2e˜2
B
(
m2
λ˜0
me˜22
)
− sin
2 θe
m2e˜1
B
(
m2
λ˜0
me˜21
)]
,
and
du
e
|λ0 ≡
mλ˜0(f˜
2V− 75 sinθu sinφu)
(4π)2
V 6245 f˜
[
cos2 θu
m2u˜2
B
(
m2
λ˜0
mu˜22
)
− sin
2 θu
m2u˜1
B
(
m2
λ˜0
mu˜21
)]
. (63)
6We only incorporate the volume suppression coming from Ce˜i e˜i∗γ and Cu˜iu˜i∗γ . The momentum dependence of both
vertices have already been included in the one-loop functions A(r) and B(r).
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Here, sin θf =
2|M ˜
f2
21
|√(
M2
f˜L
−M2
f˜R
)2
+4M4
f˜21
. As discussed in section 2, in our model, we have M2e˜L =M
2
e˜R
=
M2u˜L = M
2
u˜R
∼ Vm23
2
. Using the same, we get sin θe = sin θu = 1. Also, we assume φe,u = (0,
π
2 ]. As
explained in section 3, m2
f˜1
= m2
f˜2
= m2
f˜L/f˜R
= Vm23
2
. Utilizing the same and the value of gaugino
mass m2
λ˜0
= V 43m22
3
, we get:
B
(m2
λ˜0
mf˜2i
)
=
1
2
(m2˜
λ0
m
f˜2
i
− 1
)2
(
1 +
m2
λ˜0
mf˜2i
+
2
m2˜
λ0
m
f˜2
i
ln
(m2˜
λ0
m
f˜2
i
)
1− m
2
˜
λ0
m
f˜2
i
)
∼
mf˜2i
m2
λ˜0
∼ V− 13 , (64)
where for i = 1, 2, fi = (e1, e2), (u1, u2). Incorporating the value of masses in equation (63), using
f˜ ∼ V− 2330 as obtained in [38], and Calabi-Yau volume V ∼ 105, the dominant contribution of EDM of
electron will be given as:
de
e
|λ0 ≡
V 23m 3
2
(
f˜2V− 85
)
(4π)2
× f˜V 6245
( V− 13
Vm23
2
)
≡ f˜
3V 23+ 6245− 85− 13−1
(4π)2m 3
2
≡ 10−39cm, (65)
and the dominant contribution of EDM of neutron/quark will be given as:
dn
e
|λ0 ≡
V 23m 3
2
(
f˜2V− 75
)
(4π)2
× f˜V 6245

 V− 13
Vm23
2

 ≡ f˜3V 23+ 6245− 75− 13−1
(4π)2m 3
2
≡ 10−38cm. (66)
Neutralino contribution: The physical eigenstates of neutralino mass matrix in the context of N=1
gauged supergravity action are given as [41]:
χ˜01 ∼
−H˜0u + H˜0d√
2
; mχ01 ∼ V
59
72m 3
2
,
χ˜02 ∼
(
v
MP
f˜V 56
)
λ0 +
H˜0u + H˜
0
d√
2
; mχ02 ∼ V
59
72m 3
2
,
χ˜03 ∼ −λ0 +
(
v
MP
f˜V 56
)(
H˜0u + H˜
0
d
)
; mχ03 ∼ V
2
3m 3
2
. (67)
where v is value of Higgs VEV at electroweak scale. H˜0u and H˜
0
d correspond to SU(2)-doublet higgsino.
χ˜01 is purely a higgsino and χ˜
0
2 (χ˜
0
3) are formed by linear combination of gaugino (higgsino) with a
very small admixture of higgsino (gaugino). Since neutralinos are also very heavy, we evaluate the
contribution of the same to one-loop electron/neutron EDM involving heavy sfermions. Though the
neutralino (χ01,2)-fermion-sfermion couplings are complex in this case, the phase disappears due to
presence of both complex coupling as well as its conjugate in the EDM expression. Therefore, the
non-zero EDM arises due to CP violating phases appearing from mass eignstates of sfermion mass
matrix only. The one-loop diagram is given in Figure 2.
We have already calculated the contribution of gaugino-lepton(quark)-slepton(quark) vertices in
the subsection 4.1. Now we estimate of coefficients of vertices corresponding to higgsino-lepton(quark)-
slepton(squark) interaction vertices. In N = 1 gauged supergravity, higgsino-fermion-sfermion inter-
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γf˜i
f˜i
fL fR
χ˜0i
Figure 2: One-loop diagram involving neutralino.
action is governed by [39]:
L
f−f˜−H˜0i
=
e
K
2
2
(DiDJ¯W )χiLχj
c
L + igiJ¯ χ¯
J¯
[
σ¯ · ∂χi + ΓiLkσ¯ · ∂aLχk +
1
4
(∂aLKσ¯ · aL − c.c.)χi
]
.(68)
Using this, we evaluate the coefficients of higgsino-lepton(quark)-slepton(squark) interaction vertices.
For an incoming electron (e−L ) interacting with slepton as well as neutralino, the contribution of
higgsino-lepton (e−L )-slepton (e˜L) vertex in gauged supergravity action of Wess and Bagger [39], is given
by: e
K
2
2
(DZ1DA¯1W )χAiχcZI + igI¯A1 χ¯Zi [σ¯ · ∂χA1 + ΓA1A1A¯1σ¯ · ∂A1χA1 + 14 (∂A3Kσ¯ · A1 − c.c.)χA1
]
,
χZ and χc
Z1 correspond to SU(2)L higgsino and its charge conjugate, χ
A1 corresponds to SU(2)L
electron and A˜1 corresponds to left-handed slepton. In diagonalized set of basis, gIA¯1 = 0. Since
SU(2) EW symmetry is not conserved for higgsino-lepton-slepton vertex, therefore to calculate the
contribution of same, we generate a term of the type eLe˜LH˜
c
LHL wherein eL and HL are respectively
the SU(2)L electron and Higgs doublets, l˜L is also an SU(2)L doublet and H˜
c
L is SU(2)L higgsino
doublet. After giving VEV to one of the Higgs doublet HL, one gets required vertex. By considering
a1 → a1 + V− 29MP , and further picking up the component of DiDa¯1W linear in zi as well as linear in
fluctuation (a1 − V− 29MP ), we see that eK2 DiDa¯1W ∼ V−
31
18 zi(a1 − V− 29MP ). As was shown in [41],
e
K
2 DIDA¯1W ∼ O(1)e
K
2 DiDa¯1W . Utilizing the same, magnitude of the physical higgsino(H˜cL)-lepton
(eL)-slepton(e˜L) vertex after giving VEV to ZI will be given as :
|CH˜cLeLe˜L | ≡
V− 3118 〈ZI〉√
Kˆ2Z1Z¯1KˆA1A¯1KˆA1A¯1
A˜1χcZIχA1 ≡ V−
3
2 . (69)
The coefficient of higgsino(H˜cL)-lepton(uL)-slepton(u˜L) vertex can be determined by expandingDIDA¯2W
linear in ZI as well as linear in fluctuation (A2 − V− 13MP ). The magnitude of the same has already
been calculated in [41] and given as:
|CH˜cLuLu˜L | ≡
V− 209 〈Zi〉√
Kˆ2Z1Z¯1KˆA2A¯2KˆA2A¯2
A˜2χcZIχA2 ≡ V− 45 . (70)
To determine the contribution of higgsino-lepton(e−L )-slepton(e˜R) vertex, one needs to expand
e
K
2
2
(DZIDA¯1W ) in the fluctuations linear in A3 about its stabilized value. Considering a3 → a3 +
23
V− 1318MP and picking up the component ofDIDa¯1W linear in a3, we have: e
K
2 DiDA1W ≡ e
K
2 DIDa¯1W ∼
V− 4336 (a3 − V− 1318MP ) the contribution of physical higgsino(H˜cL)-lepton(eL)-slepton(e˜R) vertex will be
given as :
|CH˜cLeLe˜R | ≡
V− 4336√
KˆZ1Z¯1KˆA1A¯1KˆA3A¯3
A˜3χZiχcA1 ≡ V−
9
5 . (71)
Similarly, one can calculate higgsino(H˜cL)-lepton (uL)-slepton(u˜R) vertex by expanding
e
K
2
2
(DZIDA¯2W )
in the fluctuations linear in A4 about its stabilized value. Considering a4 → a4 + V− 119 MP and
picking up the component of DiDa¯1W linear in a4, we have: e
K
2
2
(DZIDA¯2W ) ≡ eK2 DiDa¯1W ∼
V− 4336 (a4 − V− 119 MP ), the coefficient of higgsino(H˜cL)-lepton(uL)-slepton(u˜R) vertex will be given as:
|CH˜cLuLu˜R | ≡
V− 4336√
KˆZ1Z¯1KˆA2A¯2KˆA4A¯4
A˜4χZiχcA2 ≡ V−
5
3 . (72)
For an outgoing electron e−R interacting with slepton as well as neutralino, the contribution of higgsino-
lepton (e−R)-slepton(e˜L) vertex is given by expanding
e
K
2
2 (DZ1DA3W ) linear in A1. Considering
a1 → a1 + V− 29MP and picking up the component of DiDa3W linear in a1, we have: e
K
2 DIDA3W ≡
e
K
2 DiDa3W ∼ V−
43
36 (a1−V− 29MP ). The contribution of physical higgsino(H˜cL)-lepton (eR)-slepton(e˜L)
vertex will be given as :
|CH˜cLeRe˜L | ≡
V− 3772√
KˆZ1Z¯1KˆA1A¯1KˆA3A¯3
A˜1χZiχcA3 ≡ V−
9
5 . (73)
Similarly, considering a4 → a4+V− 119 MP and picking up the component of above term linear in a1, we
have, e
K
2 DIDA4W ≡ e
K
2 DiDa4W ∼ V−
43
36 (a2 − V− 13MP ), the contribution of physical higgsino(H˜L)-
quark (uR)-squark(u˜L) vertex is given as :
|CH˜LuRu˜L | ≡
V− 4336√
KˆZ1Z¯1KˆA2A¯2KˆA4A¯4
A˜2χ
Ziχc
A4 ≡ V− 53 . (74)
The higgsino-lepton(e−R)-slepton(e˜R) vertex also does not possess SU(2) EW symmetry. Therefore,
to calculate the contribution of same, we generate a term of the type eRe˜RH˜LHL, where HL is
one of the SU(2)L Higgs doublets. Thereafter, we expand
e
K
2
2
(DZ1DA¯3W )χZiχA3 linear in Z1
and then linear in A3 about their stabilized VEV’s. Considering a3 → a3 + V− 1318MP and fur-
ther picking up the component linear in zi as well as linear in fluctuation (a3 − V− 29MP ), we get:
e
K
2 DiDA3W ≡ e
K
2 DiDa¯3W ∼ V−
13
18 〈zi〉(a3 − V− 1318MP ). The magnitude of physical higgsino(H˜L)-
lepton (eR)-slepton(e˜R) vertex after giving VEV to ZI is given as :
|CH˜LeRe˜R | ≡
V− 1318 〈Zi〉√
Kˆ2Z1Z¯1KˆA3A¯3KˆA3A¯3
A˜3χZIχA3 ≡ V− 109 . (75)
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The contribution of higgsino-quark(uR)-squark(u˜R) vertex has already been evaluated in [41] by ex-
panding e
K
2
2 (DZIDA4W )χZIχA4 in the fluctuations linear in ZI as well as A4 about their stabilized
VEV’s. The magnitude of the same is given as:
|CH˜LuRu˜R | ≡
V 518 〈Zi〉√
Kˆ2Z1Z¯1KˆA4A¯4KˆA4A¯4
A˜4χZIχA4 ≡ V− 109 . (76)
The results of coefficients of both slepton(squark)-lepton(quark)-higgsino as given in set of eqs. (69)-
(76) are as follows:
|CH˜cLeLe˜L | ≡ V
− 3
2 , |CH˜cLeLe˜R | ≡ |CH˜LeRe˜L | ≡ V
− 9
5 , |CH˜LeRe˜R | ≡ V−
10
9 ,
|CH˜cLuLu˜L | ≡ V
− 4
5 , |CH˜cLuLu˜R | ≡ |CH˜LuRu˜L | ≡ V
− 5
3 , |CH˜LuR|u˜R | ≡ V−
10
9 . (77)
Utilizing the aforementioned results and the results of various gaugino-fermion-sfermion vertices as
given in equation (58), and by adding the contribution of same as according to equation (67), the
volume suppression factors coming from the neutralino-lepton-slepton vertices are given as:
|Cχ01eLe˜L | = |Cχ02eLe˜L | ≡ V
− 3
2 , |Cχ03eLe˜L | ≡ f˜V
−1, |Cχ01eLe˜R | = |Cχ02eLe˜R | ≡ V
− 9
5 ,
|Cχ03eLe˜R | ≡ f˜V
− 15
9 , |Cχ01eRe˜L | = |Cχ02eRe˜L | ≡ V
− 9
5 , |Cχ03eRe˜L | ≡ f˜V
− 15
9 ,
|Cχ01eRe˜R | = |Cχ02eRe˜R | ≡ V
− 10
9 , |Cχ03eRe˜R | ≡ f˜V
− 3
5 . (78)
The volume suppression factors coming from the neutralino-quark-squark vertices are given as:
|Cχ01uLu˜L | = |Cχ02uLu˜L | ≡ V
− 4
5 , |Cχ03uLu˜L | ≡ f˜V
− 4
5 , |Cχ01uLu˜R | = |Cχ02uLu˜R | ≡ V
− 5
3 ,
|Cχ03uLu˜R | ≡ f˜V
− 14
9 |Cχ01uRu˜L | = |Cχ02uRu˜L | ≡ V
− 5
3 , |Cχ03uRu˜L | ≡ f˜V
− 14
9 ,
|Cχ01uRu˜R | = |Cχ02uRu˜R | ≡ V
− 10
9 , |Cχ03uRu˜R | ≡ f˜V
− 3
5 . (79)
The interaction Lagrangian governing the neutralino-slepton(squark)-lepton(quark) interaction can be
written as:
L =
∑
i=1,3
Cχ0i fLf˜L
fLf˜Lχ
0
i + Cχ0i fLf˜R
fLf˜Rχ
0
i + Cχ0i fRf˜L
fRf˜Lχ
0
i + Cχ0i fRf˜R
fRf˜Rχ
0
i , (80)
where f=(e,u). Rewriting fL as well as fR in term of diagonalized basis states f1 and f2, the equation
takes the form as of equation (35):
Lint = χ¯f
(
(Cχ0i fLf˜L
Df11 + Cχ0i fLf˜R
Df21)
1 + γ5
2
+ (Cχ0i fRf˜L
Df11 + Cχ0i fRf˜R
Df21)
1− γ5
2
)
φf1χ
0
i
+χ¯f
(
(Cχ0i fLf˜L
Df12 + Cχ0i fLf˜R
Df22)
1 + γ5
2
+ (Cχ0i fRf˜L
Df12 + Cχ0i fRf˜R
Df22)
1− γ5
2
)
φf2χ
0
i . (81)
Using equation (36), dipole moment contribution will follow:
df
e
|χi =
∑
i=1,3
mχ˜0i
(4π)2
[ 1
m2
f˜1
Im
(
Cχ0i fLf˜L
Cχ0i fRf˜R
Df11D
∗
f21 + Cχ0i fLf˜R
Cχ0i fRf˜L
Df21D
∗
f11
)
Q′
f˜1
B
(m2
χ˜0i
mf˜21
)
+
1
m2
f˜2
Im
(
Cχ0i fLf˜L
Cχ0i fRf˜R
Df12D
∗
f22 + Cχ0i fLf˜R
Cχ0i fRf˜L
Df22D
∗
f12
)
Q′
f˜2
B
(m2
χ˜0i
mf˜22
)]
. (82)
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Using the values of first generation scalar/slepton mass mf˜1 = V
1
2m 3
2
and mχ˜01 = mχ˜02 = V
59
72m 3
2
,
mχ˜03 = V
2
3m 3
2
; one gets:
B
(m2
χ˜02
mf˜2i
)
= B
(m2
χ˜01
mf˜2i
)
=
1
2
(m2
χ˜0
1
m
f˜2
i
− 1
)2
(
1 +
m2
χ˜01
mf˜2i
+
m2
χ˜01
mf˜2i
ln
(m2
χ˜01
mf˜2i
))(
1−
m2
χ˜01
mf˜2i
)
∼ 1
V 2336
, (83)
B
(m2
χ˜03
mf˜2i
)
=
1
2
(m2
χ˜0
3
m
f˜2
i
− 1
)2
(
1 +
m2
χ˜03
mf˜2i
+
m2
χ˜03
mf˜2i
ln
(m2
χ˜03
mf˜2i
))(
1−
m2
χ˜03
mf˜2i
)
∼
mf˜2i
m2
χ˜03
= V− 13 . (84)
Utilizing above and the results of Cχ0i eL/R ˜eL/R as given in equation (78), and further simplifying,
dominant contribution of EDM of electron will be given as7:
de
e
|χi ≡
V 5972m 3
2
(
V− 83 sin θe sinφe
)
(4π)2V 2336
[
Ce˜2e˜2∗γ
m2e˜2
− Ce˜1e˜1∗γ
m2e˜1
]
. (85)
Similarly, using results of Cχ
0
iuL/R ˜uL/R as given in equation (79), the dominant contribution of EDM
of quark will be given as:
du
e
|χi ≡
V 5972m 3
2
(
V− 179 sin θe sinφe
)
(4π)2V 2336
[
Cu˜2u˜2∗γ
m2u˜2
− Cu˜1u˜1∗γ
m2u˜1
]
. (86)
Incorporating the value of Ce˜ie˜iγ from equation no (56), one gets
de
e
|χi ≡
V 5972m 3
2
(
V− 83 sin θe sinφe
)
(4π)2V 2336
V 6245 f˜
[
cos2 θe
m2e˜2
− sin
2 θe
m2e˜1
]
,
and
du
e
|χi ≡
V 5972m 3
2
(
V− 179 sin θu sinφu
)
(4π)2V 2336
V 6245 f˜
[
cos2 θu
m2u˜2
− sin
2 θu
m2u˜1
]
. (87)
Incorporating value of sin θe = sin θu = 1, sinφe = sinφu = (0, 1], f˜ ∼ V− 2330 , and value of scalar
masses me˜i = mu˜i = V
1
2m 3
2
, the numerical value of EDM of electron for this case will be:
de
e
|χi ≡
V 5972m 3
2
(4π)2V 2336
(f˜V 6245 )× V− 83

 1
Vm23
2

 ≡ f˜V 5972+ 6245− 83− 2336−1
(4π)2m 3
2
≡ 10−37cm. (88)
and the numerical value of EDM of neutron/quark will be:
dn
e
|χi ≡
V 5972m 3
2
(4π)2V 2336
(f˜V 6245 )× V− 179

 1
Vm23
2

 ∼ f˜V 5972+ 6245− 179 − 2336−1
(4π)2m 3
2
≡ 10−34cm. (89)
R-parity violating vertices contribution: We have explicitly taken into account the contri-
7We use the assumption that the complex phases appearing in effective Yukawa couplings are of O(1).
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Figure 3: One-loop diagrams involving R-parity violating couplings.
bution of R-parity violating couplings in the context of N = 1 gauged supergravity limit of µ-split
SUSY set-up discussed in [41]. Though one would certainly expect a very suppressed value of EDM
because of presence of heavy sfermions as well as vanishing contribution of R-parity violating vertices,
we discuss the effect of the same on EDM of electron/neutron just to compare the order of magnitude
of EDM with respect to R-parity conserving loop diagrams. Though the R-parity violating interaction
vertices are complex but due to presence of both R-parity violating vertex as well as its conjugate in
the one-loop diagrams as given in Figure 3, the complex phase disappears and therefore, contribution
of the same to EDM will vanish. However, as similar to neutralino and gaugino one-loop diagrams, the
non-zero phase corresponding to CP-violating effect can appear only by considering the chirality flip
between slepton(squark) fields appearing as a propagators in the one-loop diagram. Due to chirality
flip, the matrix amplitude depends on the off-diagonal component of slepton(squark) mass matrix, the
contribution of which further depends on complex trilinear coupling AIJK as well as supersymmetric
mass parameter µ.
The one-loop Feynman diagrams for electron EDM mediated by R-parity violating interaction
vertices are given in Figure 3. Using the analytical results as given in [65] to get the numerical
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estimate of EDM of electron, we have
de
e
|RPV = −|CeLu˜cRdL |2Cu˜cRu˜c∗R γ
2e
3
|Auj |
mdk
m3u˜
sin θu sinφAuB(rdk)−
|CeLd˜LucR |
2Cd˜∗Ld˜Lγ
e
3
|Adj |
muk
m3
d˜
sin θd sinφAdB(ruk)− |CeLu˜cRdL |2CucRuc∗R γ
2e
3
|Adj |
muj
m3
d˜
sin θd sinφAdA(ruk)
− |CeLd˜LucR |
2Cd∗LdLγ
e
3
|Auj |
mdj
m3u˜
sin θu sinφAuA(rdk). (90)
where r(uk/dk) = m
2
(uk/dk)
/m2
f˜
and form of one-loop functions A(r) and B(r) is defined in (33).
One can draw the similar R-parity violating one-loop diagram to calculate quark EDM (u) by
replacing (eL, eR) ↔ (uL, uR) and u˜c ↔ e˜c. The analytical expression in case of quark EDM will be
of the following form:
du
e
|RPV = −|CuLe˜cRdL |2Ce˜cRe˜c∗R γ e |Aej |
mdk
m3e˜
sin θe sinφAeB(rdk)−
|CuLd˜LecR |
2Cd˜∗Ld˜Lγ
e
3
|Adj |
mek
m3
d˜
sin θd sinφAdB(rek)− |CuLe˜cRdL |2CecRec∗R γ
e
3
|Adj |
mej
m3
d˜
sin θd sinφAdA(rek)
− |CuLd˜LecR |
2Cd∗LdLγ e |Aej |
mdj
m3e˜
sin θe sinφAuA(rdk). (91)
The magnitude of the coefficient of interaction vertices CeLu˜cd, CeLd˜uc , CuLe˜
c
RdL
and CuLd˜LecR
have
already been obtained in [41] and given as:
CeLu˜cRdL = CeLd˜ucR
= CuLe˜cRdL = CuLd˜LecR
≡ V 53 eiφyα , (92)
where φyα is the phase factor associated with complex R-parity violating interaction vertices.
The volume suppression factors coming from Cu˜cRu˜
c∗
R γ
, Ce˜cRe˜
c∗
R γ
and Cd˜Ld˜∗Lγ
vertices have already
been obtained in the case of gaugino one-loop diagrams and given as:
Cu˜cRu˜
c∗
R γ
= Ce˜cRe˜
c∗
R γ
≡ V 6245 f˜ , Cd˜Ld˜∗Lγ ≡ V
53
45 f˜ . (93)
We set Cff∗γ |EW to be the charge of the quark dL. The reason for the same is as follows. Consider
the following kinetic-term-like term contributing to the quark-quark-photon vertex in N = 1 gauged
supergravity action of Wess and Bagger: gYMga2a¯2
χ¯
a¯2
L Γ
a2
TBa2
XB /Aχa2
(
√
Ka2a¯2)
2 ∈ ga2a¯2 χ¯
a¯2 /Dχa2
(
√
Ka2a¯2)
2 . For the purpose of
demonstrating the possibility of obtaining a SM-like quark-quark-photon coupling at the EW scale, let
us assume that all moduli save TB , a2 have been stabilized at values indicated earlier and
(
n0β
)
max
∼ V
and consequently we take the Ka¨hler potential to be:
K ∼ −2ln
[(
TB + T¯B − a2 {C22¯a¯2 + C21¯〈a¯1〉+ C23¯〈a¯3〉+ C24¯〈a¯4〉}+ c.c. + V
2
3
) 3
2
+ V
]
≡ −2ln
[(
TB + T¯B −C22¯|a2|2 − a2Σ¯2 + h.c. + V
2
3
) 3
2
+ V
]
. (94)
Consider having frozen all moduli save TB and a2. Then from:(
gTB T¯B gTB a¯2
ga2T¯B ga2a¯2
)−1
=
1
gTB T¯Bga2a¯2 − |gTB a¯2 |2
(
ga2a¯2 −gTB a¯2
−ga2T¯B gTB T¯B
)
,
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if gTB a¯2 |EW is small such that
|gTB a¯2 |2EW > gTB T¯Bga2a¯2 |EW (95)
then:
gTB T¯B |EW ∼ ga2a¯2|gTB a¯2 |2
, ga2a¯2 |EW ∼
gTB T¯B
|gTB a¯2 |2
|EW , gTB a¯2 |EW ∼ 1
gTB a¯2
|EW ≡ large. (96)
Using (94), we evaluate ∂¯a¯2∂a2K, ∂¯T¯B∂TBK, ∂¯T¯B∂a2K∂TB ∂¯ and ∂T¯B∂a2K. If ∂¯T¯B∂a2K|EW ∼ δ << 1
such that (95) is satisfied then:
3〈
(
TB + T¯B −C22¯|a2|2 − a2Σ¯2 + h.c. + V
2
3
)
〉
3
2
EW ∼ 〈
[(
TB + T¯B − C22¯|a2|2 − a2Σ¯2 + h.c.+ V
2
3
) 3
2
+ V
]
〉EW .(97)
Using (97), one sees that:
∂TBga2T¯B |EW near (97) ∼
9
(
C22¯a¯2 + Σ¯2
)
[(
TB + T¯B −C22¯|a2|2 − a2Σ¯2 + h.c. + V
2
3
) 3
2
+ V
]2 ∼ V− 2918 , (98)
assuming 〈a1,2,3,4〉|EW ∼ O(1)〈a1,2,3,4〉|Ms . If ga2a¯2 |Ms ∼ ga2a¯2 |EW ∼ 10−2, then from (95), one sees:
gTB T¯B |EW ∼ δ′ < 102δ2. (99)
Noting that:
Γa2Tba2 =
ga2T¯B
2
(
∂TBga2T¯B + ∂a2gTB T¯B
)
+
ga2a¯2
2
(∂TBga2a¯2 + ∂a2gTB a¯2) , (100)
we see that one can get a large contribution to (100) from ga2T¯B∂TBga2T¯B |EW given by:
ga2T¯B∂TBga2T¯B |EW, V∼104 ∼
10−6.5
δ
. (101)
Let us look at implementation of (99) and its consequences. From above calculations, one notes
that (99) is identically satisfied if (97) is satisfied. Consider working with τS,B, z
i, aI , ... instead of
TS,B, z
i, aI , ... having frozen G
a and other open-string moduli. Noting then that:
Kαβ¯ =
1
KτS τ¯SKτB τ¯B − |KτS τ¯B |2
(
KτB τ¯B −KτB τ¯S
−KτS τ¯B KτS τ¯S
)
, (102)
and assuming KτB τ¯B |EW ∼ δ′ << 1,KτS τ¯S |Ms ∼ KτS τ¯S |EW ∼ V−1,KτS τ¯B |Ms ∼ KτS τ¯B |EW ∼ V−
5
3
implying |KτS τ¯B |2 > KτS τ¯SKτB τ¯B , one obtains:
KτS τ¯S |EW ∼ KτB τ¯B |EW|KτS τ¯B |2EW
∼ δ′V 103 ,KτB τ¯B |EW ∼ KτS τ¯S |EW|KτS τ¯B |2EW
∼ V 73 ,KτS τ¯B |EW ∼ 1
KτS τ¯B |EW
∼ V 53 .(103)
Equation (103) implies:
F¯ τS |Ms ∼ KτS τ¯SDτSW ∼ F¯ τS |EW = e
K
2
(
KτS τ¯SDτSW +K
τB τ¯SDτBW
) ∼ (δ′V 103 + V)m3/2 ∼ 1V .(104)
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So, the F τS -term (potential ||F τS ||2) is 1-loop RG-invariant! Further, the complete F -term potential:
V |Ms ∼ eKKτS τ¯S |DτSW |2 ∼ Vm23/2 ∼ eK
(
KτS τ¯S |DτSW |2 +KτB τ¯B |DτBW |2 +KτS τ¯BDτSDτ¯BW¯ + h.c.
)
EW
∼
(
δ′V 103 + V
)
m23/2 ∼ Vm23/2, (105)
is also 1-loop RG-invariant. So, the quark-quark-photon vertex can be made to be of O(1) for δ ∼
10−13, i.e., one can hope that the coupling Cff∗γ ∼ O(1) for f(fermion) ≡ e, u.
For r(uk/dk/ek) = m
2
(uk/dk/ek)
/m2
f˜i
, A(ruk/dk/ek) = B(ruk/dk/ek) = 1. As mentioned in equation (30),
|A′e| = |A∗e − µ cot β| ≡ Vm 3
2
, |A′u| = |A∗u − µ cot β| ≡ Vm 3
2
. Using the these results and results of
coefficient of interaction vertices as given above; considering sinφu = sinφd = (0, 1], sin θe = sin θu = 1,
the magnitude of dominant contribution of EDM of electron will be given as:
de
e
|RPV ∼ 2
3
V− 103 +1+ 6245
V 32m23
2
muk ≡ 10−31GeV −1 ≡ 10−45cm, (106)
and the magnitude of dominant contribution of EDM of neutron/quark will be given as follows:
dn
e
|RPV ∼ V
− 10
3
+1+ 62
45
V 32m23
2
mek ≡ 10−31GeV −1 ≡ 10−45cm. (107)
4.2 One-Loop Diagrams involving Neutral Scalar (Higgs) in the Loop
In this subsection, we estimate the contribution of one-loop diagrams involving fermions and Higgs
as propagators to EDM of fermion. The fine-tuning argument given by N. Arkani-Hamed and S. Di-
mopoulos in [2] is not just able to provide a light Higgs by diagonalising the Higgs mass matrix, it is
important to give a reasonable order of magnitude of EDM by considering diagonalised Higgs mass
eigenstates (light Higgs as one of the eigenstate of Higgs mass matrix) as scalar propagator in the
one-loop. In the discussion so far, we have argued that CP-violating phases in the one-loop diagrams
contribution to EDM of electron/neutron are accomplished by considering off-diagonal contribution
of sfermion mass matrix at electroweak scale. In this subsection, we will discuss the one-loop dia-
grams in which non-zero CP-violating phases appears through mixing between Higgs doublet in Higgs
mass matrix. Using the same approach, we have already calculated the mass of one of the Higgs
formed by linear combination of two Higgs doublets Hu,d to be light (identified with Position mod-
uli Z1,2 in our set-up (see [38],[41])). Now, we implement this approach to calculate non-zero EDM
of electron/neutron by considering eigenstates of Higgs mass matrix as propagators in the one-loop
diagram.
SM-like Yukawa coupling contribution: The one-loop diagram mediated by SM-like Yukawa
coupling is given in Figure 4. The effective one-loop operator given in equation (31) can be recasted
in the following form:
Lint =
∑
i
χ¯f (Cf∗LfRHi
1− γ5
2
+ Cf∗LfRHi
1 + γ5
2
)φHiχf +H.c. (108)
For i = 1, 2, above equation can be expanded as:
Lint = χ¯f (Cf∗LfRH1
1− γ5
2
+ Cf∗LfRH1
1 + γ5
2
)φH1χf + χ¯e(Cf∗LfRH2
1− γ5
2
+ Cf∗LfRH2
1 + γ5
2
)φH2χf +H.c.
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Figure 4: One-loop diagram involving scalar(Higgs) and SM-like fermions.
where φH1 and φH2 correspond to eigenstates of mass matrix of Higgs doublet and χf corresponding to
fermion. Using equation (23), the aforementioned vertices can be expressed in terms of undiagonalized
(Hu,Hd) basis as follows:
Cf∗LfRH1 = Dh11Cf
∗
LfRHu
+Dh12Cf∗LfRHd , Cf
∗
LfRH2
= Dh21Cf∗LfRHu +Dh22Cf
∗
LfRHd
. (109)
In N = 1 gauged supergravity, the interaction vertices Ce∗LeRHu/Hd and Cu∗LuRHu/Hd will be given
by expanding e
K
2 DA1DA3W and e
K
2 DA2DA4W respectively in the fluctuations linear in Zi about its
stabilized VEV. The values of the same have already been obtained in [41] and given as:
for f = e, Ce∗LeRHu/Hd = Yˆ
eff
ZIA1A3 =
O(ZI − V 136 ) term in eK2 DA1DA3W√
KZiZ¯iKA1A¯1KA3A¯3
≡ V− 4745 eiφYe
for f = u, Cu∗LuRHu/Hd = Yˆ
eff
ZIA2A4 =
O(ZI − V 136 ) term in eK2 DA2DA4W√
KZ1Z¯1KA1A¯1KA3A¯3
≡ V− 1918 eiφYu ,(110)
where eiφYe and eiφYe are the phase factors associated with complex effective Yukawa couplings.
Going back to equation (109),
Ce∗LeRH1 ≡ V−
47
45 eiφYe (Dh11 +Dh21), Ce∗LeRH2 ≡ V−
47
45 eiφYe (Dh12 +Dh22),
Cu∗LuRH1 ≡ V−
19
18 eiφYu (Dh11 +Dh21), Cu∗LuRH2 ≡ V−
19
18 eiφYu (Dh12 +Dh22) (111)
Now, the one-loop EDM of the electron(quark) in this case will be given as [66]:
d
e
|H1,2 =
mfQf
(4π)2
(
1
m2H1
Im(Cf∗LfRH1C
∗
f∗LfRH1
)A
(
m2f
m2H1
)
+
1
m2H2
Im(Cf∗LfRH2C
∗
f∗LfRH2
)A
(
m2f
m2H2
))
,(112)
where mf corresponds to fermion mass and mH1,2 correspond to eigenstates of Higgs mass matrix.
Since we are considering only first generation fermions in our D3/D7 µ-split SUSY set up, physi-
cal mass eigenstate of fermion is same as usual Dirac mass term corresponding to first generation
lepton/quark only. Using the fact that phase factors associated with Wilson line modulus A1/2 ( iden-
tified with first generation L-handed lepton/quark), Wilson line modulus A3/4( identified with first
generation R-handed lepton/quark) and position modulus ( identified with Higgs doublet) are distinct
and the effective Yukawa couplings also produce non-zero phase factor, the masses of SM-fermions can
be complex. Therefore, we assume that overall phase formed by adding all phase factors associated
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with fields as all coefficient of Yukawa coupling add up in such a way that overall phase vanishes and
fermion mass is real.
Using (111),
Im(Ce∗LeRH2C
∗
e∗LeRH2
) = −Im(Ce∗LeRH1C∗e∗LeRH1) ≡
1
2
V− 9445 sin θh sinφh
Im(Cu∗LuRH2C
∗
u∗LuRH2
) = −Im(Cu∗LuRH1C∗u∗LuRH1) ≡
1
2
V− 1918 sin θh sinφh.
Given that sin θh =
2|µˆB|√(
M2Hu−M2Hd
)2
+4(µˆB)2
. Using the values given above, sin θh ∈ [0, 1]. We also make
an assumption that φh ∃ (0, π2 ]. Using equation (33) and value of me = 0.5MeV , mH1 ≡ 125GeV and
mH2 ≡ V
59
72m 3
2
, A
(
m2e
m2H1
)
= A
(
m2e
m2H2
)
≡ 1. using (33), the dominant contribution of electron EDM
in this case will be given as
de
e
|H1,2 =
10−3
4(4π)2
V− 9445
(
1
m2H1
− 1
m2H2
)
≡ 10−20GeV −1 ≡ O(10−34)cm. (113)
The numerical estimate of neutron/quark EDM will be given as:
dn
e
|H1,2 =
10−3
2(4π)2
V− 199
(
1
m2H1
− 1
m2H2
)
≡ 10−29GeV −1 ≡ O(10−33)cm. (114)
Chargino contribution : The one-loop diagram corresponding to electron EDM mediated via
Higgs and chargino exchange is given in Figure 5. Due to presence of heavy fermions and light as
well as heavy scalars (eigenvalues of Higgs mass matrix) existing as propagators in the loop, using
analytical expression of one-loop EDM as given in equation (36), one can expect an enhancement in
the order of magnitude of EDM. We explicitly analysis the contribution of this loop diagram to EDM
at one loop in the context of N = 1 gauged supergravity action. One can not have similar diagram
for quark because of violation of charge conservation. So we use the loop diagram given in Figure 5
to get the analysis of EDM of electron only. The effective one-loop operator will be of the following
form:
Lint =
∑
i,j
χ¯f (Cf∗Lχ
+
j H
0
i
1− γ5
2
)φH0i
χ˜+j + χ¯f (Cq∗Rχ
−
j H
0
i
1 + γ5
2
)φH0i
χ˜−j +H.c... i, j = 1, 2. (115)
Using equation (23), one can represent coefficient of interaction vertices in terms of undiagonalized
basis of Higgs mass matrix as follows:
Ce∗Lχ
+
j H
0
1
= Dh11Ce∗Lχ
+
j H
0
u
+Dh12Ce∗Lχ
+
j H
0
d
, Ce∗Lχ
+
j H
0
2
= Dh21Ce∗Lχ
+
j H
0
u
+Dh22Ce∗Lχ
+
j H
0
u
Ce∗Rχ
−
j H
0
1
= Dh11Ce∗Rχ
−
j H
0
u
+Dh12Ce∗Rχ
−
j H
0
d
, Ce∗Rχ
−
j H
0
2
= Dh21Ce∗Rχ
−
j H
0
u
+Dh22Ce∗Rχ
−
j H
0
u
. (116)
As given in appendix,
χ˜+1 = −H˜+u +
(
v
MP
f˜V 56
)
λ˜+i , χ˜
−
1 = −H˜−d +
(
v
MP
f˜V 56
)
λ˜−i , and mχ˜±1 ≡ V
59
72m 3
2
χ˜+2 = λ˜
+
i +
(
v
MP
f˜V 56
)
H˜+u , χ˜
−
2 = λ˜
−
i +
(
v
MP
f˜V 56
)
H˜−d , and mχ˜±2 ≡ V
2
3m 3
2
.
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Figure 5: One-loop diagram involving Higgs and charginos.
Using the above,
Ce∗Lχ
+
1 H
0
u/H
0
d
= −Ce∗LH˜+u H0u/H0d +
(
v
MP
f˜V 56
)
Ce∗Lλ˜
+
i H
0
u/H
0
d
Ce∗Lχ
+
2 H
0
u/H
0
d
= Ce∗Lλ˜
+
i H
0
u/H
0
d
+
(
v
MP
f˜V 56
)
Ce∗LH˜
+
u H0u/H
0
d
Ce∗Rχ
−
1 H
0
u/H
0
d
= −Ce∗RH˜−d H0u/H0d +
(
v
MP
f˜V 56
)
Ce∗Rλ˜
+
i H
0
u/H
0
d
Ce∗Rχ
−
2 H
0
u/H
0
d
= Ce∗Rλ˜
+
i H
0
u/H
0
d
+
(
v
MP
f˜V 56
)
Ce∗RH˜
−
d H
0
u/H
0
d
. (117)
The interaction vertices Ce∗LH˜
+
u H0u/H
0
d
and Ce∗RH˜
−
d H
0
u/H
0
d
corresponding to Figure 5 will be given by ex-
panding the e
K
2 DZ1DA1W and e
K
2 DZ1DA3W in the fluctuations linear in Zi about its stabilized VEV.
The contributions of e
K
2 Dz1Da1W as well as e
K
2 Dz1Da3W have been given in terms of undiagonalized
(zi, ai) basis in [41]. We assume that e
K
2 DiDA¯1W ∼ O(1)e
K
2 DiDa¯1W . Since the EW symmetry gets
broken for the higgsino(H˜+u )-lepton (eL)-Higgs(H
0
u/H
0
d ) vertex, we evaluate the contribution of the
same by expanding e
K
2 Dz1Da1W in the fluctuations linear in z1 as well as (zi−V
1
36 ), and then giving
VEV to zi. Doing so, the magnitude of coefficient of this vertex will be given as :
|Ce∗LH˜+u H0u/H0d | ∼
〈Zi〉O(Zi − V 136 ) term in eK2 DZ1DA1W√
(KZ1Z¯1)
3KA1A¯1
≡ V− 110 , for V = 105. (118)
Similarly, the contribution of physical higgsino(H˜−d )-lepton(eR)-Higgs(H
0
u/H
0
d ) vertex will be given as
|Ce∗RH˜−d H0u/H0d | ∼
O(Zi − V 136 ) term in eK2 DZ1DA3W√
KZ1Z¯1KZ1Z¯1KA3A¯3
≡ V 110 , for V = 105. (119)
The coefficient of interaction vertex e−L − H0u − λ˜+i corresponding to Figure 5 will be given by
Le−L−H0u−λ˜+i = gYMgA1T¯BX
∗Bχ¯A¯1 λ˜+i + ∂A1TBD
Bχ¯A¯1 λ˜+i . Since ∂A1TB does not give any term which
is linear in Zi, so the second term contributes zero to the given vertex. By expanding gA1T¯B in
the fluctuation linear in Z1 around its stabilized VEV, in terms of undiagonalized basis, we have:
gTB a¯1 → −V−
13
12 (z1 − V− 136 ), and gYM ∼ V− 136 . Considering gYMgTB a¯1 ∼ O(1)gY MgTBA¯1 as shown
33
in [41]; incorporating values of XB = −6iκ24µ7QTB , κ24µ7 ∼ 1V and QTB ∼ V
1
3 (2πα′)2f˜ , we get the
contribution of physical gaugino(λ˜+i )-lepton(eL)-Higgs(H
0
u) interaction vertex given as follows:
|CeLλ˜+i H0u/H0d | ≡
gYMgTBA¯1X
TB ∼ V− 4736 f˜√
KˆA1A¯1KˆZ1Z¯1
Z1χ¯A¯1 λ˜0 ≡ f˜
(
V− 32
)
. (120)
To calculate the coefficient of interaction vertex e∗R − H0u − λ˜−i , we need to expand gA3T¯B in the
fluctuation quadratic in Z1 to first conserve SU(2)L symmetry and after giving VEV to one of the Zi,
we get the required contribution
|Ce∗Rλ˜+i H0u/H0d | ≡
gYMgTBA¯3X
TB ∼ V− 169 〈Z〉f˜√
KˆA3A¯3Kˆ
2
Z1Z¯1
Z1χ¯A¯3 λ˜0 ≡ f˜
(
V− 159 〈Zi〉
MP
)
. (121)
Incorporating the results given in eqs. (118)-(121) in equation (117), we have,
|Ce∗Lχ+1 H0u/H0d | ≡ V
− 1
10 , |Ce∗Lχ+2 H0u/H0d | ≡ V
1
10 ,
|Ce∗Rχ−1 H0u/H0d | ≡ f˜V
− 3
2 , |Ce∗Rχ−2 H0u/H0d | ≡ f˜V
− 15
9
〈Zi〉
MP
. (122)
Now, the one-loop EDM of the electron in this case will be given as [66]:
d
e
|χ±i =
∑
i
mχ±j
Q′e(i)
(4π)2

 1
m2
H0i
Im

(Ce∗Lχ+i H0i C∗e∗Rχ−j H0i
)
A

m2χ±i
m2
H0i





 . (123)
where mχ±j
and m2
H0i
corresponds to masses eigenstates of chargino and Higgs mass matrix. The
effective charge for this loop diagram will be Q′e(i) = QeCχ+i χ−i γ where Cχ+1 χ−1 γ = CH˜+i H˜−i γ , Cχ+2 χ−2 γ =
Cλ˜+i λ˜
−
i γ
. The contributions of both higgsino-higgsino-gauge boson vertex and gaugino-gaugino-gauge
boson have already obtained in the context of N = 1 gauged supergravity in [41]. Using the same,
Cχ+1 χ
−
1 γ
≡ f˜V− 518 , Cχ+2 χ−2 γ ≡ f˜V
− 11
18 . (124)
Utilizing the results of Ce∗
L/R
χ±i H
0
i
vertices given in (122) and the assumption that value of phase factor
associated with these couplings are of O(1); mχ±1 = mH2 = V
59
72m 3
2
,mχ±2
= V 23m 3
2
and mH1 ∼ 125GeV
as given in section 2, sin θh = (0, 1], φe = (0,
π
2 ], and A(
m2
χ±
i
m2
H0
i
) ≡
m2
H0
i
m2
χ±
i
by using (33), we have:
d
e
|χ±i ≡
1√
2(4π)2
(V− 110+ 110 )× f˜V
− 5
18
V 5972m 3
2
≡ O(10−32)cm, for V = O(1)× 104. (125)
4.3 One-Loop Diagrams involving Gravitino and Sgoldstino in the Loop
Gravitino contribution: In this section, we estimate the EDM of electron(quark) by considering the
gravitino as a propagator in one-loop diagrams despite the fact that these are logarithmically divergent.
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Figure 6: One-loop diagram involving gravitino.
The loop diagrams are given in Figure 6. To get the numerical estimate of EDM corresponding to
these diagrams, we first need to determine the contribution of relevant vertices in N = 1 gauged
supergravity. The same are evaluated as follows: In N = 1 gauged supergravity, the gravitino-
fermion-sfermion vertex will be given as: LG˜−f−f˜ = −12
√
2egij∂µφ
iχjγµγνψµ. The physical ψµ-
lepton(quark)-slepton(squark) vertex will be given as:
|CG˜ eL e˜L | ≡
gA1A¯1√KA1A¯1KA1A¯1 ∂µA1χ
A1γµγνψµ ≡ ∂µA1χA1γµγνψµ,
|CG˜ uL u˜L | ≡
gA2A¯2√KA2A¯2KA2A¯2 ∂µA2χ
A2γµγνψµ ≡ ∂µA2χA2γµγνψµ. (126)
The contribution of physical sfermion -sfermion -photon vertices have already been obtained in subsec-
tion 3.1 and the values of the same are given as: |Ce˜Le˜Lγ | ≡ V
44
45 A˜1∂µA˜1Aµ, |Cu˜Lu˜Lψµ | ≡ V
53
45 A˜2∂µA˜2Aµ.
The contribution of the fermion-sfermion-photino(γ) vertex in the context of N = 1 gauged supergrav-
ity action will given by Lff˜ γ˜ = gYMgAI T¯BX∗Bχ¯A¯I γ˜+∂A1TBDBχ¯A¯I γ˜. For f = e, by expanding ga1T¯B in
the fluctuations linear in a1 around its stabilized VEV, we have: ga¯1TB = V−
2
9 (a1−V− 29 ), and ∂A1TB →
V 109 (A1 − V− 29 ). Assuming that gA¯1TB = O(1)ga¯1TB and using X∗B = κ24µ7QB,DB =
4πα′κ24µ7QBv
B
V
where QB ∼ V 13 f˜ and κ24µ7 ∼ 1V , we get: |CeLe˜Lγ˜ | ∼ V
−29 f˜√KA1A¯1KA1A¯1 A˜1χ¯
A¯1 γ˜ ≡ f˜V−1A˜1χ¯A¯1 γ˜. For
f = u, using gA¯2TB ∼ O(1)ga¯2TB = V−
5
4 (a2 − V− 13 ) and ∂A2TB → V
1
9 (A2 − V− 13 ), we have:
|CuLu˜Lγ˜ | ∼
V− 119 f˜√KA2A¯2KA2A¯2 A˜2χ¯
A¯2 γ˜ ≡ f˜V− 45 A˜2χ¯A¯2 γ˜. (127)
The contribution of the gravitino-fermion-sfermion-photon vertex in the context of N = 1 gauged
supergravity action will be given as: L = −12
√
2egAIT ∗BX
BAµχ¯
AIγµγνψµ. Using the above-mentioned
value of gA1T ∗B , gA2T ∗B and X
B , the coefficient of physical gravitino-lepton(quark)-slepton(squark)-
photon vertex will be given as:
|CG˜eLe˜Lγ | ∼
V− 89 f˜√KA1A¯1KA1A¯1Aµχ¯
A1γµγνψµ ≡ f˜V− 53Aµχ¯A1γµγνψµ,
|CG˜uLu˜Lγ | ∼
V− 3518 f˜√KA2A¯2KA2A¯2Aµχ¯
A2γµγνψµ ≡ f˜V−
5
3Aµχ¯
A2γµγνψµ. (128)
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The contribution of photon (γ)-photino (γ˜)-gravitino(γ) vertex will be given L = i4eγ¯µλ[/∂, /A]ψµ. We
notice that there is no moduli space-dependent factor coming from this vertex.
The above Feynman diagrams involving gravitino in a loop have been explicitly worked out in [67]
to calculate the magnetic moment of muon in the context of spontaneously broken minimal N = 1
gauged supergravity. We explicitly utilize their results in a modified form to get the estimate of EDM
of electron/quark in the N = 1 gauged supergravity. The modified results of magnetic moment of
electron after multiplying with volume suppression factors coming from relevant vertices as calculated
in equations (126)-(128) are as follows:
For Figure 6(a):
adivf |6(a) ≡ f˜Va(GNm2f/π)
∑
j=1,2
[
Γ(ǫ− 1)[− 1
90
µ2 +
1
18
µ2j ] + Γ(ǫ)[
2
45
µ2 +
2
9
] + (−1)j sin θΓ(ǫ− 1)[−µ2j/3µ]
]
,(129)
where Va is the Calabi-Yau volume-suppression factor. Here µ = mf/m 3
2
and µj = mf˜j/m3/2, j = 1, 2;
m is lepton mass, m 3
2
is gravitino mass. mf˜1 and mf˜2 are eigenvalues of diagonalized slepton(squark)
mass matrix. In our set-up sin θ = 1. Using mf˜1 = mf˜2 = V
1
2m 3
2
, m 3
2
= V−2MP and me = O(1)MeV ,
we have µ1 = µ2 =
1
V and µ = 10
−11 for V = 105.
For f = e, incorporating these values, dominant contribution will be of the form:
adive |6(a) ≡ f˜V
44
45 (GNm
2
e/π)
[ 1
18V2Γ(ǫ− 1) +
2
9
Γ(ǫ)
]
≡ f˜V 4445 (GNm2e/π)
[ 1
18V2Γ(ǫ− 1) +
1
18V2Γ(ǫ) + a
′
]
.(130)
where a′ = (29− 118V2 )Γ(ǫ) is divergent piece. Using−Γ(ǫ−1) = Γ(ǫ)(1+ǫ), the finite contribution will be
given as: afinitee |6(a) ≡ 118 f˜V−
46
45 (GNm
2
e/π). Similarly, using the volume suppression factor coming from
quark-quark photon vertex, we get: afiniteu |6(a) ≡ 118 f˜V−
37
45 (GNm
2
u/π). Now we use the relation between
anomalous magnetic moment and electric dipole moment to get the numerical estimate of EDM of
electron in this case. As given in [68], af =
2|mf |
eQf
|df | cosφ, where mf and Qf correspond to mass and
charge of fermion; df is electric dipole moment of fermion and φ is defined as φ ≡ Arg(dfm∗f ). We
consider that in the loop diagrams involving sfermion as propagators, the non-trivial phase responsible
to generate EDM appears from eigenstates of sfermion mass matrix (off-diagonal component of slepton
mass matrix) and we assume the value of same as φdf ∃ (0, π2 ]. The first generation electron/quark
mass has been calculated from complex effective Yukawa coupling(YeffZIA1/3A2/4) in N = 1 gauged
supergravity and there is a distinct phase factor φye/yu associated with the same. Using the fact that
φdf 6= φye/yu the relative phase between two will be in the interval φ ∃ (0, π2 ) ∼ O(1). Hence,
de
e
|6(a) = 2|me| afinitee |6(a) ≡
1
18
f˜V− 4645 (GNme/π) ≡ 10−67cm,
du
e
|6(a) = 2|mu| afiniteu |6(a) ≡
1
18
f˜V− 3745 (GNmu/π) ≡ 10−67cm. (131)
For Figure 6(b):
adivf |6(b) ≡ f˜V−a(GNm2f/π)
∑
j=1,2
[
Γ(ǫ− 1)[ 1
20
µ2 − 1
6
µ2j ] + Γ(ǫ)[−
7
60
µ2] + (−1)j sin 2αΓ(ǫ− 1)[µ2j/µ]
]
; where f = e, u.
For f = e, incorporating the values of masses and simplifying, now we will have
adive |6(b) ≡ f˜V−1(GNm2e/π)
[
− 1
6V2Γ(ǫ− 1)−
7
60
µ2Γ(ǫ)
]
≡ f˜V−1(GNm2f/π)
[
− 7
60
µ2Γ(ǫ− 1)− 7
60
µ2Γ(ǫ) + a′
]
.(132)
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where a′ = (− 1
6V2 +
7
60µ
2)Γ(ǫ − 1) is divergent piece. Picking up the finite contribution, we get
afinitee |6(b) ≡ 760 f˜V−1(GNm2f/π)µ2, and therefore,
de
e
|6(b) ≡ 2|me| afinitee |6(b) ≡ 10−65GeV −1 ≡ 10−79cm. (133)
Similarly, using volume suppression factor coming from quark-quark photon vertex,
du
e
|6(b) ≡ 10−64GeV −1 ≡ 10−78cm. (134)
For Figure 6(c):
adivf |6(c) ≡ f˜V−
5
3 (GNm
2
f/π)
∑
j=1,2
[
Γ(ǫ− 1)[− 1
90
µ2 +
1
9
µ2j ] + Γ(ǫ)[
1
10
µ2 − 2
9
] + (−1)j sin 2αΓ(ǫ− 1)[−2µ2j/3µ]
]
.
As Similar to the above, incorporating the value of masses and further simplifying, dominant contri-
bution is given by:
adivf |6(c) ≡ f˜V−
5
3 (GNm
2
f/π)
[ 1
9V2Γ(ǫ− 1)−
2
9
Γ(ǫ)
]
≡ f˜V− 53 (GNm2f/π)
[ 1
9V2Γ(ǫ− 1) +
1
9V2Γ(ǫ) + a
′
]
.(135)
where a′ = (−29− 19V2 )Γ(ǫ) is divergent piece. Considering the finite piece, afiniteq |6(c) = 19 f˜V−
11
3 (GNm
2
f/π).
Again using
df
e |6(c) = 2|mf | afinitee |6(c), we get
de
e
|6(c) =
du
e
|6(c) ≡ 10−66GeV −1 ≡ 10−80cm. (136)
Hence, the overall contribution of EDM of electron as well as neutron/quark in case of one-loop
Feynman diagrams involving gravitino is:
de
e
|G˜ =
dn
e
|G˜ =
de/u
e
|6(a) +
de/u
e
|6(b) +
de/u
e
|6(c) ≡ 10−67cm. (137)
Sgoldstino contribution: In supersymmetric models, the sgoldstino is the bosonic component of the
superfield corresponding to which there is an F -term (D-term) supersymmetry breaking. In our set up,
supersymmetry is broken in the bulk sector and the scale of the same is governed by F -term (assuming
that in dilute flux approximation VD << VF ) corresponding to bulk fields (F
τS , F τB ,Ga) where τS
and τB correspond to ‘small’ and ‘big’ divisor volume moduli and Ga correspond to complexified NS-
NS and RR axions. It was shown in [41], at Ms, |F τS | > |FGa |, |F τB |. From 4.1, the requirement
of the quark-quark-photon coupling to be the SM at the EW scale, we see that |F τB | is the most
dominant F -term at the EW scale. To obtain an estimate of the off-shell goldstino multiplet, we
consider the same to be: (τB , χB , F
B), where τB is a complex scalar field. Here, we identify σB with
scalar(sgoldstino)field and ρB with pseudo-scalar(sgoldstino) field.
Mass of sgoldstino: The dominant contribution to F -term potential, at the string scale Ms, is
given by V = ||F τS ||2, where F τ¯S = eK/2∂¯ τ¯S∂βKDβW 8. At the EW scale the F -term potential
8We note that eK(τS,B ,G
a,zi,aI ,...)∂¯I¯∂JK(τS,B , G
a, zi, aI , ...)DJWDI¯W¯ (I ≡ Ts,b, G
a, zi, aI , ...) =
eK(τz,b,G
a,zi,aI ,...)∂¯α¯∂βK(τS,B , G
a, zi, aI , ...)DβWDα¯W¯ (β = τS,B , G
a, zi, aI); however GIJ¯ =
∂I ∂¯J¯K(TS,B , G
a, zi, aI , ...), Gαβ¯ 6= ∂α∂¯β¯K(τS,B, G
a, zi, aI , ...) as τS,B is not an N = 1 chiral coordinate.
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Figure 7: One-loop diagram involving sgoldstino.
receives the dominant contribution from the ||DτBW ||2 term and is estimated to be: V (ns = 2)|EW ∼
eKKτS τ¯BDτSWDτ¯BW¯ + e
KKτB τ¯B |DτBW |2, near 〈σS〉 ∼ lnV(O(1))4σS , 〈σB〉 ≡
V 23
(O(1)σB )4
yields
∂2V
∂σ2B
∣∣∣∣
EW
≡ V− 13m23/2(O(1)σB )2
(
(O(1)σS )2 +
(O(1)σS )6
lnV
)
.
For the aforementioned O(1)σB =
O(1)σS
2 ≡ 3.5 for V ∼ 104,
(
∂2V
∂σ2B
)
EW
≡ V 43 and the canonically
normalized coefficient quadratic in the fluctuations, yields the sgoldstino mass estimate:
mτB ∼
√√√√
(
∂2V
∂σ2B
)
EW
κ24µ7K
τB τ¯B
EW
∼ O(1)m3/2.
It will be interesting to get the contribution of the same to electron/neutron EDM.
To get the analysis of one-loop diagrams involving sgoldstino, we consider only scalar sgoldstino
field (σs) and first calculate the contribution of vertices involving sgoldstino in the context of N = 1
gauged supergravity. The coefficient of lepton(eL)-scalar(sgoldstino(σB ))-lepton(eR) vertex has been
calculated by expanding e
K
2
2 (DA1DA3W ) χ¯A1χA3 in the fluctuations linear in σB in N = 1 gauged
supergravity. By expanding above in the fluctuations linear in σB → σB +V 23MP , on simplifying, we
have: e
K
2
2 DA1DA3WχA1χ¯A3 ∼ V−
13
3 δσBχ
A1 χ¯A3 . The physical lepton(eL)-sgoldstino(σB)-lepton(eR)
vertex will be given as
|CδσBeLecR | ≡
V− 133√
k24µ7G
τB τ¯B KˆA1A¯1KˆA3A¯3
≡ V− 9215 , for V ∼ 105. (138)
Similarly, the coefficient of quark(uL)-scalar(sgoldstino(σB ))-lepton (uR) vertex can be calculated
by expanding e
K
2
2 (DA2DA4W ) χ¯A2χA4 in the fluctuations linear in σB in N = 1 gauged supergravity.
Using the similar procedure, we get: e
K
2
2 DA2DA4WχA2 χ¯A4 ∼ V−4δσBχA2 χ¯A4 . Therefore, the physical
quark(uL)-sgoldstino (σB)-quark(uR)vertex will be given as
|CδσBuLucR | ∼
V−5√
k24µ7G
τB τ¯B KˆA2A¯2KˆA4A¯4
≡ V− 335 , for V ∼ 105. (139)
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In N = 1 supergravity, the contribution of photon-sgoldstino(scalar)-photon will be accommodated by
gauge kinetic term L = Re(TB)F ∧∗4F , where Re(TB) = σB−Cij¯aiaj¯. Considering σB → 〈σB〉+δσB,
coefficient of the physical vertex will be given as: |CγγδσB | ≡ 1/Mp√k24µ7GτB ¯τB ∼
V−23
Mp
. The possibility of
getting fermion-fermion-photon vertex Cff∗γ ≡ O(1) has been shown in subsection 3.1.
Now we use the values of coefficients of relevant vertices to evaluate the estimate of EDM for loop
diagrams given in Figure 7(a) and 7(b). The diagrams have been evaluated in [69] to determine the
estimate of magnetic moment of muon in N = 1 global supersymmetry. Utilizing their results in a
modified form in the context of N = 1 gauged SUGRA and the relation between magnetic moment
and EDM as given above, for Figure 7(a), the magnitude of electric dipole moment will be
|df
e
|7(a) =
mf
16π2
cosφ
[
(CδσBfLfcR)
2
∫ 1
0
dx
x2(2− x)
m2σB (1− x) +m2fx2
]
. (140)
Putting the value of |CδσBeLecR | ≡ V−
92
15 , |CδσBuLucR | ≡ V−
33
6 , and the value of masses mσB = m 3
2
,me =
0.5MeV , we get
|de
e
|7(a) ≡ 10−95cm, and |
dn
e
|7(a) ≡ 10−89cm. (141)
For Figure 7(b):
|df
e
|7(b) =
CδσBfLfcRCγγδσB
8π2
[
∆UV − 1
2
−
∫ 1
0
dx
∫ 1−x
0
dy log
[m2σBy +m2fx2
µ2
]]
.
(142)
where ∆UV = log[
∆2UV
µ2
]− 1. Incorporating values of relevant inputs and considering the finite piece,
|de
e
|7(b) ≡ 10−72cm, |
dn
e
|7(b) ≡ 10−68cm. (143)
Hence, the overall contribution of sgoldstino to EDM of electron/neutron is
|de
e
|sgoldstino = |de
e
|7(a) + |
de
e
|7(b) ≡ 10−72cm, (144)
and
|dn
e
|sgoldstino = |dn
e
|7(a) + |
dn
e
|7(b) ≡ 10−68cm. (145)
The results of all possible one-loop diagrams contributing to EDM of electron/neutron are summarized
in a table given below:
5 Two-loop Level Barr-Zee Type Contribution to Electric Dipole
Moment
In the two-loop diagrams discussed in this section, the CP-violating effects are mainly demonstarted
by complex effective Yukawa couplings which include R-parity violating couplings, SM-like Yukawa
couplings as well as couplings involving higgsino, and complex scalar trilinear couplings in the context
of N = 1 gauged supergravity. In the subsection given below, we present the contribution of individual
Barr-Zee type diagrams formed by including an internal fermion loop generated by R-parity violating
interactions, SM-like Yukawa interactions and gaugino(gaugino)-higgsino(higgsino)-Higgs couplings.
The two-loop diagrams are shown in Figure 8.
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Table 2: Results of EDM of electron/neutron for all possible one-loop diagrams
One-loop particle exchange origin of complex phase de(e cm) dn(e cm)
λ0f˜ Diagonalized sfermion mass eigenstates 10−39 10−38
χ0i f˜ ” 10
−37 10−34
f f˜ ” 10−45 10−45
fh0i Digonalized Higgs mass eigenstates 10
−34 10−33
χ±h0i ” 10
−32 −
gravitino(G˜) f˜ Diagonalized sfermion mass eigenstates 10−67 10−67
sgoldstino f˜ Diagonalized sfermion mass eigenstates 10−72 10−68
5.1 Two-loop Level Barr-Zee Feynman Diagrams involving internal Fermion Loop
Higgs contribution: For a two-loop diagram given in Figure 8(a), the interaction Lagrangian is
governed by Yukawa couplings given as:
L ⊃ YˆH0i uLucRH
0
i ukLu
c
kR + Yˆ
∗
H0i eLe
c
R
H0i ejLe
c
jR + h.c.. (146)
We have already given the estimate of effective Yukawa couplings for first generation of leptons and
quarks in [41] in the context of N = 1 gauged supergravity. Using those results, we have
YˆH0i eLecR
∼ Yˆ effZiA1A3 ≡ V−
47
45 eiφye , YˆH0i uLucR
∼ Yˆ effZiA2A4 ≡ V−
17
18 eiφyu ; for V = 105, (147)
where eiφye and eiφyu are non-zero phases of aforementioned Yukawa couplings.
For a two-loop Barr-Zee diagram involving internal fermion loop and taking into account the
chirality flip between internal loop and external line, the analytical expression has been derived in
[70, 71]. Using the same, the electric dipole moment of electron for a loop diagram given in Figure
8(a) will be9:
d
e
|H =
∑
i=1,2
Im
(
YˆH0i eLecR
YˆH0i uLucR
) αemQ2uQe
16π3mej
(f(z1)− g(z1)) . (148)
and EDM of neutron will be given as:
d
n
|H =
∑
i=1,2
Im
(
YˆH0i eLecR
YˆH0i uLucR
) αemQ2eQu
16π3mej
(f(z2)− g(z2)) , (149)
where z1 =
m2e
m2
H0
i
; z2 =
m2u
m2
H0
i
and
f(z) =
z
2
∫ 1
0
dx
1− 2x(1− x)
x(1− x)− z ln
(
x(1− x)
z
)
, g(z) =
z
2
∫ 1
0
dx
1
x(1− x)− z ln
(
x(1− x)
z
)
.(150)
9We consider Q
′
e = Cee∗γQe ∼ Qe because Cee∗γ ∼ O(1) as shown in subsection 4.3. Similarly Q
′
u ∼ Qu.
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Figure 8: two-loop diagram involving fermions in the internal loop.
Using the value of masses mH01 = 125GeV , mH02 = V
59
72m 3
2
and me = 0.5GeV , f
(
m2e/m
2
u
m2
H01
)
=
g
(
m2e/m
2
u
m2
H01
)
= 10−10; f
(
m2e/m
2
u
m2
H02
)
= g
(
m2e/m
2
u
m2
H02
)
= 10−23, Utilizing the same and assuming ei(φye−φyu) =
(0, 1], equation (148) and (149) reduces to give EDM result as follows:
d
e
|H = d
n
|H ∼ V−2 × 10−2 × 10−10 = 10−22GeV −1 ≡ 10−36cm. (151)
Chargino contribution: In a loop diagram 8(b), the general Lagrangian governing the interaction
of chargino’s will be as:
L ⊃ CikkH0i χ+kLχ−kR + Yˆ ∗H0i eLecRH
0
i ejLe
c
jR + Yˆ
∗
H0i uLu
c
R
H0i ujLu
c
jR + h.c. (152)
We evaluate the the contribution of chargino(χ±i )-Higgs-chargino (χ
±
1 ) vertex in N = 1 gauged su-
pergravity. As described in appendix, χ±1 and χ
±
2 correspond to a higgsino (H˜
±
i ) with a very small
admixture of gaugino (λ±i ) and vice versa. So Cχ+i χ−1 H0i ≡ CH˜+i H˜−i H0i ; and Cχ+2 χ−2 H0i ≡ Cλ˜+i λ−i H0i .
Higgsino(χ−kL)-Higgs-higgsino(χ
+
kR) vertex: Given that higgsino is a majorana particle, therefore
χ+kR = (χ
−
kL)
c. In our model, higgsino has been identified with position moduli Zi, the contribution of
this vertex in N = 1 gauged sypergravity will be given by expanding eK2 DZiDZ¯iW in the fluctuations
linear in Zi about its stabilized VEV. Since SU(2)L symmetry is not conserved for this vertex, we
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will expand the above in the fluctuations quadratic in Zi; giving VEV to one of the Zi. Considering
zi → V 118 + δzi; we have DziDz¯iW = V−
16
9 zi〈zi〉. Using DZiDZ¯iW ∼ Dz¯1DziW , the physical vertex
will be given as: Cχ+i χ
−
1 H
0
i
≡ CH˜+i H˜−i H0i =
V−74
(
√
KˆZ1Z¯1 )
4
= V 14 eiφχ1 where φχ1 correspond to non-zero
phase associated with the aforementioned coupling.
Gaugino(λ+kR)-Higgs- gaugino (λ
+
kL) vertex: The coefficient of this vertex will be given from the
kinetic term of gaugino. The interaction term corresponding to this coupling will be given by consider-
ing term L = iλ¯Lγm 14(KZi∂mZi − c.c.)λL+(∂ZiTB)λ¯Lγm 14(KZi∂mZi − c.c.)λL, where λL corresponds
to gaugino. Given that charged(gaugino’s) are either SU(2)L singlets or triplets, the aforementioned
vertex does not preserve SU(2)L symmetry - one has to obtain the term bilinear in Zi such that we
give VEV to one of the Zi. Since (∂ZiTB) does not contain terms bilinear in Zi which is needed to
ensure SU(2)L symmetry, second term contributes zero to the given vertex. In terms of undiagonalized
basis, ∂ziK ∼ V−
2
3 〈zi〉, and using ∂ZiK ∼ O(1)∂ziK, we have: ∂ZiK ∼ V−
2
3 〈Zi〉, incorporating the
same, we get
L = V
− 2
3 〈Zi〉λ¯L /∂ZiMP λL√
(KˆZ1Z¯1)
2
∼ V 1336hλ¯L /
p
h
MP
λL ∼ V
13
36hλ¯L
γ · (peL + peR)
MP
λL. (153)
Therefore, Cχ+2 χ
−
2 H
0
i
≡ CH0i λ−Rλ+L ∼ V
13
36
me
MP
e
iφ
λ˜0
1 where φλ˜01
correspond to non-zero phase associated
with the aforementioned coupling.
The contribution of gaugino-gaugino-gauge boson as well as higgsino-higgsino-gauge boson have
been already evaluated in the context of N = 1 gauged supergravity. The volume suppression factors
corresponding to these vertices are as follows:
|Cχ+1 χ−1 γ | ≡ |CH˜+u H˜−d γ | ≡ f˜V
− 5
18 ; |Cχ+2 χ−2 γ | ≡ |Cλ˜+i λ˜−i γ | ≡ f˜V
− 11
18 (154)
Now, EDM of electron for a loop diagram given in Figure 8(b) will be given as:
de
e
|χ±k =
∑
i=1,2
∑
k=1,2
Im
(
YˆH0i eLecR
Cχ+k χ
−
k h
)(
Cχ+k χ
−
k γ
)2 αemQ2χiQe
16π3mχ±k
(f(z)− g(z))
and EDM of neutron for a loop diagram given in Figure 8(b) will be given as:
du/n
e
|χ±k =
∑
i=1,2
∑
k=1,2
Im
(
YˆH0i eLecR
Cχ+k χ
−
k h
)(
Cχ+k χ
−
k γ
)2 αemQ2χiQu
16π3mχ±k
(f(z)− g(z))
where z =
m2
χ±
k
m2
H0
i
; f
(m2
χ±
1
m2
H0
1
)
−g
(m2
χ±
1
m2
H0
1
)
= 10; f
(m2
χ±
1
m2
H0
2
)
−g
(m2
χ±
1
m2
H0
2
)
= 1, f
(m2
χ±
2
m2
H0
1
)
−g
(m2
χ±
2
m2
H0
1
)
= 10; f
(m2
χ±
2
m2
H0
2
)
−
g
(m2
χ±
2
m2
H02
)
= 0.1. Considering (φχi − φye) = (φχi − φλ˜01) ∼ (0,
π
2 ]; for mχ±1
= V 5972m 3
2
, mχ±2
= V 23m 3
2
,
YˆH0i eLecR
= V− 4745 , YˆH0i eLecR = V
− 17
18 ; the value of EDM of electron and neutron will be given as:
de
e
|χi =
dn
e
|χi ∼
f˜2V− 83
m 3
2
× 10−5 × 101 ≡ 10−33GeV −1 ≡ 10−47cm. (155)
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R Parity violating contribution: For a loop diagram given in Figure 8(c), the Lagrangian governing
the interaction of neutrino will correspond to R-parity violating interactions given as:
L ⊃ λ˜ν˜LuLucRνiLukLuckR + λ˜ν˜LeLecRνiLejLecjR + h.c.. (156)
The contribution of R-parity violating interaction terms λˆikk and λˆ
∗
ijj are given by expandingDA1DA3W
and DA2DA4W in the fluctuations linear in A1 around its stabilized VEV. The values of the same
have already been calculated in the context of N = 1 gauged supergravity action and given as follows:
λ˜ν˜LeLecR ≡ V−
5
3 eiφλe , λ˜ν˜LuLucR ≡ V−
5
3 eiφλu , (157)
where eiφλe and eiφλu are non-zero phases corresponding to above-mentioned complex R-parity vio-
lating couplings. The EDM of electron in this case will be:
d
e
|RPV = Im
(
λ˜ν˜LeLecR λ˜ν˜LuLu
c
R
) αemQ2uQe
16π3mej
(f(z1)− g(z1)) , (158)
and EDM of neutron will be given as:
d
u/n
|RPV = Im
(
λ˜ν˜LeLecR λ˜ν˜LuLu
c
R
) αemQ2eQu
16π3mej
(f(z2)− g(z2)) . (159)
where z1 =
m2e
m2νiL
; z2 =
m2u
m2νiL
. Using the value of masses mνiL = V
1
2m 3
2
, me = 0.5GeV and mu = O(1),
f
(
m2e/m
2
u
m2νiL
)
= g
(
m2e/m
2
u
m2νiL
)
= 10−27, and assuming (φλe−φλu) = (0, π2 ]; equation (158) and (159) reduce
to give EDM result as follows:
d
e
|RPV = d
n
|RPV ∼ V−
10
3 × 10−2 × 10−27 ≡ 10−55GeV −1 ≡ 10−70cm. (160)
5.2 Two-loop Level Barr-Zee Feynman Diagrams involving Internal Sfermion Loop
In this subsection, we evaluate the contribution of heavy sfermion loop generated by trilinear scalar
interactions including Higgs. The loop diagrams are mediated by γh exchange. Unlike one-loop
diagrams, here we do not have to consider the mixing sleptons(squarks) because of the fact that non-
zero phase associated with complex scalar trilinear interaction is sufficient to generate non-zero EDM
of elctron/neutron. We first evaluate the contribution of relevant vertices in the context of N = 1
gauged supergravity for two-loop diagrams shown in Figure 9.
Slepton(e˜jR)-slepton(e˜jR)-Higgs vertex: By expanding effective supergravity potential V |EW ∼
eKKτS τ¯BDτSWDτ¯BW¯ + e
KKτB τ¯B |DτBW |2 in the fluctuations linear in Zi → Zi + V
1
36MP , A3 →
A3+V− 1318MP , contribution of the term quadratic in A3 as well as Zi is of the order V− 5936 〈Zi〉, which
after giving VEV to one of the Zi, will be given as:
Ce˜Re˜∗RH
0
i
≡ 1√
(KˆZiZ¯i)
2(KˆA3A¯3)
2
[
V− 5936 〈Zi〉
]
≡ (V−2MP )eiφe˜R . (161)
where φe˜R is non-zero phase corresponding to aforementioned complex scalar 3-point interaction vertex.
Using the similar procedure, the coefficient of slepton(e˜jL)-slepton(e˜jL)-Higgs vertex will be given as:
Ce˜Le˜∗LH
0
i
≡ 1√
(KˆZiZ¯i)
2(KˆA1A¯1)
2
[
V− 9536 〈Zi〉
]
≡ (V− 125 MP )eiφe˜L . (162)
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Figure 9: Two-loop diagram involving sfermions in the internal loop.
φe˜L is non-zero phase corresponding to this particular complex scalar 3-point interaction vertex.
Squark(u˜jR)-squark(u˜jR)-Higgs vertex: By expanding V |EW in the fluctuations around Zi → Zi+
V 136MP , A4 → A4 + V− 119 MP , contribution of term quadratic in A4 as well as Zi is of the order
V− 2336 〈Zi〉, which after giving VEV to one of the Zi, will be given as:
Cu˜Ru˜∗RH
0
i
≡ 1√
(KˆZiZ¯i)
2(KˆA4A¯4)
2
[
V− 2336 〈Zi〉
]
≡ (V−2MP )eiφu˜R . (163)
where φu˜R is non-zero phase corresponding to aforementioned complex scalar 3-point interaction ver-
tex.
Squark(u˜jL)-squark(u˜jL)-Higgs vertex: By expanding V |EW in the fluctuations around Zi → Zi+
V 136MP , A2 → A2 + V− 13MP , contribution of term quadratic in A2 as well as Zi is of the order
V− 13136 〈Zi〉, which after giving VEV to one of the Zi, will be given as:
Cu˜Lu˜∗LH
0
i
≡ 1√
(KˆZiZ¯i)
2(KˆA2A¯2)
2
[
V− 13136 〈Zi〉
]
≡ (V− 209 MP )eiφu˜L . (164)
where φu˜L is non-zero phase corresponding to aforementioned complex scalar 3-point interaction ver-
tex.
The contribution of slepton (e˜jR)-slepton (e˜jR)-photon(γ)- photon(γ) vertex will be given by:
∂¯A¯3∂A3GTB T¯BX
TBX T¯BAµAν . On solving: ∂¯A¯3∂A3GTB T¯B ∼ V
1
9A∗1A1, Incorporating values of XB as
mentioned earlier, the real physical slepton(e˜jR)-slepton(e˜jR)-photon(γ)-photon(γ) vertex is propor-
tional to
Ce˜Re˜∗Rγγ ≡
V 19 f˜2V− 43√
(KA3A3)2
≡ f˜2V− 135 . (165)
The coefficient of real physical e˜jL - e˜jL γ- γ vertex has been obtained in [41]. The value of the same
is given by Ce˜Le˜∗Lγγ ≡ f˜2V−3. Similarly, the coefficient of real physical u˜jR − u˜jR − γ − γ vertex will
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be given by: ∂¯A¯4∂A4GTB T¯BX
TBX T¯BAµAν . On solving, the volume suppression factor corresponding
to this vertex will be given as:
Cu˜Ru˜∗Rγγ ∼
coefficient of ∂¯A¯4∂A4GTB T¯B√
(KA4A4)2
≡ f˜2V− 11845 . (166)
The coefficient of real physical (u˜jL−u˜jL−γ−γ) vertex will be given by: ∂¯A¯2∂A2GTB T¯BXTBX T¯BAµAν .
On solving, the volume suppression factor corresponding to this vertex will be given as:
Cu˜Lu˜∗Lγγ ∼
coefficient of ∂¯A¯2∂A2GTB T¯B√
(KA2A2)2
≡ f˜2V− 12745 . (167)
The contribution of real scalar-scalar-photon vertices have already been obtained in section 2, and
given as:
Ce˜Le˜∗Lγ ≡ (f˜V
44
45 )A˜1Aµ∂µA˜1, Ce˜Re˜∗Rγ ≡ (f˜V
53
45 )A3Aµ∂µA¯3,
Cu˜Lu˜∗Lγ ≡ (f˜V
53
45 )A˜2Aµ∂µA˜2, Cu˜Ru˜∗Rγ ≡ (f˜V
62
45 )A˜4Aµ∂µA˜4. (168)
The analytical expression for the EDM involving sfermion/scalar in an internal loop has been provided
in [72]. Using the same, for Figure 9(a), EDM of electron will be given as:
de
e
|sfermion4.9(a) =
∑
i=1,2
∑
j=u˜L,u˜R
Im(YˆH0i eLecR
CH0i jj∗
)(Cjj∗γ)
2 × αemηcQejq
2
j
32π3m2
H0i
F (z˜), (169)
and EDM of neutron/quark will be given as:
dn
e
|sfermion4.9(a) =
∑
i=1,2
∑
j=e˜L,e˜R
Im(YˆH0i uLucR
CH0i jj∗)(Cjj
∗γ)
2 × αemηcQujq
2
j
32π3m2
H0i
F (z˜). (170)
where z =
m2j
m2
H0
i
;F (z) = − ∫ 10 dx x(1−x)x(1−x)−z ln(x(1−x)z ). Considering (φu˜L/R − Φye) = (φe˜L/R − Φyu) =
(0, π2 ]; |YˆH0i eLecR | ≡ V
− 47
45 , |YˆH0i uLucR | ≡ V
− 19
18 and using the value of masses, me˜L = me˜R = mu˜L =
mu˜R = V
1
2m 3
2
, mH01 = 125GeV and mH02 = V
59
72m 3
2
, we have F
(
m2j
m2
H0
1
)
= 10−17, F
(
m2j
m2
H0
2
)
= 1.
Incorporating the value of interaction vertices, equation (169) and (170) reduce to give EDM results
as follows:
de
e
|sfermion9(a) = 10−8 × V−
4
15 f˜2 ≡ 10−15GeV −1 ≡ 10−29cm; for V = 104,
dn
e
|sfermion9(a) = 10−8 × V−
3
10 f˜2 ≡ 10−15GeV −1 ≡ 10−29cm; for V = 104. (171)
For a loop diagram given in Figure 9(b), EDM of electron will be given as:
de
e
|sfermion9(b) =
∑
i=1,2
∑
j=u˜L,u˜R
Im(YˆH0i eLecR
CH0i jj∗
)(Cjj∗γγ)×
αemQejq
2
j
32π3m2
H0i
F (z˜), (172)
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and EDM of neutron will be given as:
dn/u
e
|sfermion9(b) =
∑
i=1,2
∑
j=e˜L,e˜R
Im(YˆH0i uLucR
CH0i jj∗
)(Cjj∗γγ)×
αemQujq
2
j
32π3m2
H0i
F (z˜). (173)
where F
(
m2j
m2
H01
)
= 10−17, F
(
m2j
m2
H01
)
= 1. Incorporating the value of masses and estimate of relevant
coupling veretx, EDM of electron will be
de
e
|sfermion9(b) = 10−9 × V−
17
3 f˜2 ≡ 10−43GeV −1 ≡ 10−57cm. (174)
The EDM of neutron in this case will be given as:
dn
e
|sfermion9(b) = 10−9 × V−
91
18 f˜2 ≡ 10−40GeV −1 ≡ 10−54cm. (175)
The overall contribution of EDM of electron as well as neutron corresponding to 2-loop diagram
involving sfermions is:
de/n
e
|sfermion = de/n
e
|sfermion9(a) +
de/n
e
|sfermion9(b) ≡ 10−29cm. (176)
5.3 Two-loop level Barr-Zee Feynman diagram involving W± boson in the internal
loop
In this subsection, we discuss the important contribution of Barr-Zee diagram involving W boson
as an internal loop. In the 1-loop as well as 2-loop diagrams discussed so far, we have discussed
the contribution mediated by Higgs exchange. The non-zero phases in 1-loop diagram are affected
by considering a mixing between Higgs doublet in µ split SUSY model while in 2-loop diagrams,
the phases are affected through complex effective Yukawa coupling. It has been found in [1] that
two-loop graphs involving W boson loop can induce electric dipole moment of de of the order of the
experimental bound (10−27cm) in the multi-Higgs models provided there is an exchange of Higgs in
the Higgs propagator and the CP violation in the neutral Higgs sector is fairly maximal. The approach
was given by S. Weinberg in [74, 75]. In these papers, he pointed out that dimension-six purely gluonic
operator gives a large value for the EDM of the neutron, which is just below the present experimental
bound if one considers CP violation through the exchange of Higgs particles, whose interactions involve
one or more complex phases. The approach was extended by Barr and Zee who have found that Higgs
exchange can also give an electric dipole moment to the electron of the order of experimental limits
by considering an EDM operator involving a top quark also. In this spirit, we present an analysis
of EDM of electron/neutron involving W boson loop in the context of µ split-SUSY model which, as
already discussed involves a light Higgs and a heavy Higgs doublet.
In the notations of Weinberg, the CP-violating phase can appear from the neutral Higgs-boson
exchange through imaginary terms in the amplitude and Higgs propagators are represented as: A(q2) =√
2Gf
∑
n
Zn
q2+m2Hn
, where Zn is non-zero phase appearing due to exchange between Higgs doublet in
the propagator. We address this argument of generation of non-zero phase in the N = 1 gauged
supergravity action. We first provide the analysis of required SM-like coupling involved in Figure 10
in the context of N = 1 gauged supergravity action.
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Figure 10: Two-loop diagram involving W boson in the internal loop.
The contribution ofW+-photon-W− vertex is evaluated by CP-even interaction term given as [76]:
L = −Re(f)AµW−µνW+ν+Re(f)W+µW−νFµν , whereW−µν = ∂µW−ν −∂νW−µ and Fµν = ∂µAν−∂νAµ
and Re(f) is gauge kinetic function, which in our set-up is given by ’big’ divisor volume modulus
Re(TB) ∼ V 118 ≡ O(1) for Calabi-Yau V = 105. Therefore, the volume suppression corresponding to
this interaction vertex is: CW+W−γ ≡ V
1
18 ≡ O(1).
The effective W+-Higgs-W− vertex can be evaluated in the effective supergravity action as follows.
Consider the gauge kinetic term: Re(T )F 2 and then choose the term C13¯a1a3¯ in Re(TB) with the
understanding that one first gives VEV to the predominantly SU(2)L-doublet valued a1, then one
picks out the Z-dependent contribution in a3 and also use the value of the intersection component C13¯.
One will therefore consider: C13¯〈a1〉V−
7
5Z p1·p2√
KA1A¯1
√
KZZ¯
(√
Re(T )
)2 ; KZZ¯ |Ms ∼ 10−5,KA1A¯1 |Ms ∼ 104
which at the EW scale we will assume to be 10
−5
(O(1))2 and
104
(O(1))2 . For non-relativistic gauge bosons,
p1 · p2 ∼M2W/Z , Re(T )|EW ∼ O(1)MP ∼ vV3 GeV, C13¯ ∼ V
29
18 , 〈a1〉|EW ∼ O(1)V− 29MP (related to the
requirement of obtaining O(102) GeV W/Z-boson mass at the EW scale- see [41]). We thus obtain
the following: V 2918 × (O(1))2×O(1)×V− 29 ×V− 75M2W/Z×
√
10
(O(1)×v×V3) ∼ (O(1))2×
√
10V−3M
2
W/Z inGeV
v(GeV) .
Now, in the superspace notation, the kinetic terms for the gauge field are generically written as:∫
d2θfab(Φ)W
aW b where W a is the gauge-invariant super-field strength and W = W aT a for a non-
abelian group - as fab is an apriori arbitrary holomorphic function of Φ. Consider hence Φ = T, f ∼ eT
and look at
∫
d2θ(T )2m+1
θ,θ¯=0
W 2 which will consist of (O(1)2 × C13¯〈a1a¯3〉)2m ×
√
10 × V−3M
2
W/Z in GeV
GeV ,
which, e.g., for m = 2 yields (O(1))2 × √10 × V 83−3 × M
2
W/Z in GeV
v(GeV) or for V ∼ 104, one obtains
O(1)M
2
W/Z(in GeV)
v(in GeV) . Utilizing this, at EW scale, CW+H0iW− ≡
M2W
v e
iφW . The value of complex Yukawa
coupling to be used to evaluate EDM corresponding to Figure 10 have already been obtained in [41]
and given as: YˆH0i eLecR
∼ V− 4745 eiφye and of YˆH0i uLucR ∼ V
− 19
18 eiφyu . The matrix amplitude as well as
analytical expression for W boson related loop diagrams has been worked out in [1]. We utilize the
same in a modified form to get the numerical estimate of EDM corresponding to a loop diagram given
in Figure 10.
d
e
|W = α
(4π)3M2W
CW+W−γ
∑
i
Im(YˆH0i eLecR
CW+H0iW−
)[5g(zWi ) + 3f(z
W
i ) +
3
4
(g(zWi ) + h(z
W
i ))], (177)
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where f(z) and g(z) are already defined in subsection 4.1 and
h(z) =
z
2
∫ 1
0
dx
1
x(1− x)− z
(
z
x(1− x)− z ln
(
x(1− x)− z
x
)
− 1
)
; (178)
where zWi =
m2
H0
i
m2W
. Considering (φW − φye) = (0, π2 ]; using the values mH01 = 125GeV and mH02 =
V 5972m 3
2
, we get: f
(m2
H0
i
m2W
)
= g
(
m2
H0
i
m2W
)
= h
(m2
H0
i
m2W
)
= O(1), and the EDM result for electron will be
given as:
de
e
|W ∼ α
(4π)3
1
v
× V− 4745 ≡ 1013GeV −1 ≡ 10−27cm. (179)
Similarly, by considering (φW − φyu) = (0, π2 ]; EDM of neutron will be given as:
dn
e
|W ∼ α
(4π)3
1
v
× V− 1918 ≡ 1013GeV −1 ≡ 10−27cm. (180)
5.4 Two-Loop Level Rainbow Type Contribution to Electric Dipole Moment
The two-loop level analysis of the supersymmetric effects to the fermion electric dipole moment has
been extended by considering rainbow diagrams in addition to famous Barr-Zee diagrams with the
expectation that they might give a significant contribution to fermionic EDM. The importance of
these diagrams is discussed in detail in [70]. In this subsection, we estimate the contribution of two-
loop rainbow type of diagrams involving R-parity conserving supersymmetric interaction vertices and
R-parity violating vertices. The CP violating phases appear from the diagonalized eigenstates in the
inner loop as well as from complex effective Yukawa couplings in the higgsino sector. The Feynman
diagrams have been classified based on different types of inner one-loop insertions. One corresponds to
one-loop effective higgsino-gaugino-gauge boson vertex and the other corresponds to one-loop effective
higgsino-gaugino transition. The matrix amplitudes as well analytic expressions to estimate the EDM
for above rainbow diagrams are calculated in [77] to the first order in the external momentum carried
by the gauge boson. We utilize their expressions to get the order of magnitude of EDM of electron as
well as neutron in our case.
R-parity conserving rainbow type contribution: For the loop diagrams given in Figure 11
and Figure 12, the result of EDM will given by the following formulae respectively:
d1f ≈
∑ nc(Qf +Q′f )Ch˜0fLf˜∗RCh˜0fif∗i
64π3
∑
n=1,2
|mλ0n | sin(δf − θn)×
e(g′(n)
f˜L
− g′(n)
f˜R
)
4π
sin θf cos θf
×
∑
f˜=f˜L,f˜R
s g′(n)
f˜
[
F ′(|mλn |2, |µ|2,m2f˜L/R ,m
2
f˜2
)− F ′(|mλ0n |2, |µ|2,m2f˜L/R ,m
2
f˜1
)
]
, (181)
d2f =
∑
f
ncQ
′
fR
Ch˜0fLf˜∗R
Ch˜0fif∗i
64π3
∑
n=1,2
|mλ0n | sin(δf − θn)×
e(g′(n)
f˜L
+ g′(n)
f˜R
)
4π
sin θf cos θf
×
∑
f˜=f˜L,f˜R
g′(n)
f˜
m2
F˜
[
F ′′(|mλn |2, |µ|2,m2f˜L/R , ,m
2
f˜1
)− F ′′(|mλn |2, |µ|2,m2f˜L/R , ,m
2
f˜2
)
]
, (182)
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h˜0 fi λ˜
0
i
fL
γ
fR
f˜i
f˜R
(a)
h˜0 fi λ˜
0
i
fL
γ
fR
f˜i
f˜R
(b)
h˜0 f˜i λ˜
0
i
fL
γ
fR
fi
f˜R
(c)
h˜0 f˜i λ˜
0
i
fL
γ
fR
fi
f˜R
(d)
Figure 11: Two-loop level rainbow type diagrams involving higgsino-gaugino-gauge boson vertex.
h˜0 fi λ˜0i
fL
γ
fR
f˜i
f˜R
(a)
h˜0 fi λ˜0i
fL
γ
fR
f˜i
f˜R
(b)
Figure 12: Two-loop level rainbow type diagrams involving higgsino-gaugino transition.
where nc = 3 for the inner quark-squark loop and nc = 1 for the inner lepton-slepton loop. The fields
f˜1 and f˜2 correspond to mass eigenstates of the sfermion f˜ . The value of constant s is +1 for left-
handed sfermion f˜L and −1 for right-handed sfermion f˜R. The effective electric charges are given by
Q′f = Cfif∗i γQf andQ
′
fR
= CfRf∗Rγ . The interaction vertices Ch˜0fLf∗R
and Ch˜0ff∗ correspond to effective
Yukawa couplings. g′(n)
f˜L
and g′(n)
f˜R
denote effective gauge couplings corresponding to supersymmetric
sfermions and the functions F ′ and F ′′ are defined in [77].
The effective Yukawa’s as well as gauge interaction vertices are already calculated in section 4.
The magnitude of the values of the same are:
|C h˜0eLe˜∗R | ≡ V− 95 , |C h˜0eie˜∗i | ≡ V− 109 , |C e˜ie˜iγ | ≡ f˜V 5345 , |C h˜0uLu˜∗R | ≡ V− 53 , |C h˜0uiu˜∗i | ≡ V− 109 ,
|C u˜ie˜iγ | ≡ f˜V 5345 , g′(n)e˜R ≡ |CeRe˜
∗
Rλ
0
i | ≡ f˜V− 35 , g′(n)e˜ ≡ |Ceie˜
∗
i λ
0
i | ≡ f˜V− 35 ,
g′(n)e˜R ≡ |CuRu˜
∗
Rλ
0
i | ≡ f˜V− 35 , g′(n)u˜ ≡ |Cuiu˜
∗
i λ
0
i | ≡ f˜V− 35 ; i = 1, 2. (183)
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Using the value of mλ01 = mλ02 = V
2
3m 3
2
, m2e˜1 = m
2
u˜1
= Vm23
2
+ m2e˜12 , m
2
e˜2
= m2u˜2 = Vm23
2
− m2e˜12 ,
mh˜0 ≡ V
59
72m 3
2
, we get
F ′(|mλn |2, |µ|2,m2f˜L/R ,m
2
f˜2
)− F ′(|mλn |2, |µ|2,m2f˜L/R ,m
2
f˜1
) ≡ 10−24,
F ′(|mλn |2, |µ|2,m2f˜L/R ,m
2
f˜2
)− F ′(|mλn |2, |µ|2,m2f˜L/R ,m
2
f˜1
) ≡ 10−43. (184)
Incorporating the above results in the analytical expression as given in (181) and (182) (with the as-
sumption that value of phase factor associated with all effective R-parity conserving Yukawa couplings
are of O(1)),
d1e/e ≡ f˜3V−
18
5 × V 23m 3
2
× (10−24)GeV −2 ≡ 10−57cm.
d2e/e ≡ f˜3V−
18
5 × V 53m33
2
× (10−43)GeV −4 ≡ 10−55cm. (185)
and similarly,
d1u/e ≡ f˜3V−
10
3 × V 23m 3
2
× (10−24)GeV −2 ≡ 10−56cm.
d2u/e ≡ f˜3V−
10
3 × V 53m33
2
× (10−43)GeV −4 ≡ 10−54cm. (186)
So, the final EDM of electron as well as quark or neutron in case of R-parity conserving supersym-
metric Feynman diagrams are given as:
de/e = d
1
e/e+ d
2
e/e ≡ 10−55cm, du/e = d1u/e+ d2u/e ≡ 10−54cm. (187)
R-parity violating rainbow type contribution: The similar kind of Feynman diagrams can be
drawn by replacing the neutral higgsino component with Dirac massless neutrino in Figure 11 and
Figure 12. The formulae of the EDM of the fermion f for two types of Feynman diagrams as defined
in [78] are given below:
d1f =
∑
n=1,2
Im(Ch˜0fLf∗R
Ch˜0fif∗i
e
i(θn−δfj ))
(Qf +Q
′
f )nc
64π3
|mλ0n |
e(g
(n)
f˜L
− g(n)
f˜R
)
4π
sin θfj cos θfj
×
∑
f˜=f˜L,f˜R
s g
(n)
f˜
[
f ′(|mλ0n |2, 0,m2f˜L/R ,m
2
f˜1j
)− f ′(|mλn |2, 0,m2f˜L/R ,m
2
f˜2j
)
]
,(188)
d2f = −
∑
n=1,2
Im(Ch˜0fLf∗R
Ch˜0fif∗i
e
i(θn−δfj ))
Q′fRnc
64π3
|mλ0n |
e(g
(n)
f˜L
+ g
(n)
f˜R
)
4π
sin θfj cos θfj
×
∑
f˜=f˜L,f˜R
g
(n)
f˜
m2
f˜k
[
f ′′(|mλ0n |2, 0,m2f˜L/R ,m
2
f˜1
)− f ′′(|mλn |2, 0,m2f˜L/R ,m
2
f˜2
)
]
(189)
The interaction vertices Cν0fLf˜∗R
and Cν0fif∗i correspond to effective R-parity violating couplings. g
′(n)
f˜L
and g′(n)
f˜R
denote effective gauge couplings corresponding to supersymmetric sfermions. The functions
F ′ and F ′′ are defined in [78].
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Using the value of mλ01 = mλ02 = V
2
3m 3
2
, m2e˜1 = m
2
u˜1
= Vm23
2
+m2e˜12 , m
2
e˜2
= m2u˜2 = Vm23
2
−m2e˜12 ,
we get
F ′(|mλ0n |2, 0,m2f˜L/R ,m
2
f˜2
)− F ′(|mλ0n |2, |µ|2,m2f˜L/R ,m
2
f˜1
) ≡ 10−22,
F ′(|mλ0n |2, 0,m2f˜L/R ,m
2
f˜2
)− F ′(|mλ0n |2, |µ|2,m2f˜L/R ,m
2
f˜1
) ≡ 10−42. (190)
The contribution of R-parity violating vertices are already calculated in [41] in the context of N = 1
gauged supergravity action. The values of the same are as follows:
|Cν0eLe˜∗R | ≡ |Cν0eie˜∗i | ≡ V− 53 , |Cν0uLu˜∗R | ≡ |Cν0uiu˜∗i | ≡ V− 53 ; i = 1, 2. (191)
Incorporating values of above-mentioned R-parity violating interaction vertices and the values of
effective gauge couplings in the analytic expressions given in equations (188) and (189)(with the
assumption that value of phase factor associated with all effective R-parity violating Yukawa couplings
are of O(1)),
d1e/e = d
1
u/e ≡ f˜3V−
10
3 × V 23m 3
2
× (10−22)GeV −2 ≡ 10−53cm.
d1e/e = d
2
u/e ≡ f˜3V−
10
3 × V 53m33
2
× (10−42)GeV −4 ≡ 10−52cm. (192)
So, the final EDM of electron as well as quark or neutron in case of R-parity violating Feynman
diagrams are given as:
dn/e = de/e ≡ 10−52cm. (193)
The results of all two-loop diagrams contributing to EDM of electron/neutron are summarized in
a table given below:
Table 3: Results of EDM of electron/neutron for all possible two-loop diagrams
Two-loop particle exchange Origin of complex phase de(e cm) dn(e cm)
h0i γf Complex effective Yukawa couplings 10
−36 10−36
h0i γχ
±
i ” 10
−47 10−47
f˜fγ ” 10−70 10−70
f˜0i h
0
i γ ” 10
−29 10−29
γW±h0i Higgs exchange 10
−27 10−27
h˜0f˜λ0i (Rainbow type) Diagonalized sfermion mass 10
−55 10−54
eigenstates and effective Yukawas
ν0f˜λ0i (Rainbow type) ” 10
−52 10−52
6 Summary and Conclusions
To summarize, we have performed a quantitative order-of-magnitude analysis of EDM of electron
and neutron in a phenomenological model which provides a local realization of large volume D3/D7
51
µ-split supersymmetry that could possibly, locally be obtained, in the framework of four Wilson line
moduli living on the world volume of fluxed stacks of space-time filling D7-branes wrapped around the
‘big divisor’ and two position moduli of a mobile space-time filling D3-brane restricted to (nearly) a
special Lagrangian three-cycle of a Swiss-Cheese Calabi-Yau. The proposed phenomenological model
is governed by super-heavy gaugino and higgsino mass parameter in addition to heavy sfermion masses
except one light Higgs (obtained by considering linear combination of eigenstates of Higgs doublets at
EW scale). Because of the presence of heavy gaugino/higgsino mass parameter, one can not ignore
one-loop diagrams mediated by gaugino/higgsino’s and sfermions as compared to 2-loop diagrams as
traditional split SUSY models do. Keeping this in mind, we have taken into account the complete
set of one-loop graphs and the dominant Higgs-mediated Barr-Zee diagrams. The non-zero CP-
violating phase corresponding to dimension-five non-renormalizable EDM operator can be made to
appear at one-loop and two-loop level from off-diagonal component of scalar mass matrix and complex
effective Yukawa couplings respectively in the context of N = 1 gauged supergravity action. We have
considered the order of phases to exist in (0,π2 ]. We have also shown that for a given choice of vevs of
Wilson line as well as position moduli, the phases corresponding to effective Yukawa couplings do not
change in the renormalization group flow from string scale down to Electro-Weak scale. The relevant
interaction vertices have been calculated in the context of N = 1 effective gauged supergravity action.
Having described the aforementioned model we estimate all possible one-loop as well as two-loop
diagrams. In the one-loop graphs involving sfermions, the neutralino-mediated loop diagrams give
the dominant contributions to the electron(neutron) EDM values as compared to gaugino-mediated
one-loop diagrams and the diagrams involving R-parity violating vertices because in N = 1 gauged
supergravity, gaugino interaction vertices are dependent on suppressed dilute non-abelian fluxes and
contribution of R-parity violating vertices are generally suppressed. However, all of the three-loop
diagrams give a very suppressed contribution to electron and neutron EDM. Next, we consider one-loop
diagrams involving Higgs and other supersymmetric/SM particles. By considering Standard Model
like fermions with Higgs in a loop, we get the electron EDM estimate (de/e ≡ 10−34 cm) and neutron
EDM estimate (dn/e ≡ 10−33 cm) considerably higher than the value predicted by Standard Model.
Interestingly, by considering one-loop diagrams involving chargino and Higgs, the electron EDM value
turns out to be (de/e ≡ 10−32cm) i.e one gets a healthy EDM of electron even in the presence of super-
heavy chargino in the loop. All of the above one-loop diagrams involve MSSM-like superfields and
CP-violating phases appear from visible sector fields only. For a full-fledged analysis, we have taken
into account goldstino supermultiplet also as the physical degrees of freedom in one-loop diagrams. As
sgoldstino corresponds to the bosonic component of the superfield corresponding to which there is a
supersymmetry breaking and same occurs maximally in our large volume D3/D7 model via complex
‘big’ divisor volume modulus (τB), we have identified the sgoldstino field with complex τB field.
Since, the fermionic component goldstino gets absorbed into the gravitino and becomes a longitudinal
component of the massive gravitino, we basically consider one-loop diagrams involving gravitino and
sgoldstino in the loop. In such kind of loop diagrams, CP-violating phases appear from hidden sector
fields. However, by evaluating the matrix amplitudes of these loop diagrams, we get a very suppressed
contribution of electron and neutron EDM. The results of all one-loop diagrams are summarized in
Table 2. In case of two-loop diagrams, we have evaluated contribution of Barr-Zee diagrams involving
sfermions/fermions in an internal loop and mediated via γh exchange, and R-parity violating diagram
involving fermions but mediated via f˜h exchange. Here, the two-loop Barr-Zee diagrams involving
heavy sfermions and a light Higgs give a most dominant contribution of EDM (d(e/n)/e ≡ 10−29cm) as
compared to 2-loop diagrams involving only SM-like particles. With substantial fine tuning in Calabi-
Yau volume, one can hope to produce EDM results same as experimental limits. Next, inspired by the
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approach given in [1, 73, 74, 75] to obtain large EDM value(almost same as an experimental bound)
from Barr-Zee diagrams involving top quarks and W bosons loop in multi-Higgs models, we have
provided an estimate of the same using two Higgs doublets given in the context of µ-split-SUSY. By
showing the possibility of obtaining the numerical estimate of all SM-like vertices relevant for these
diagrams to be same as their standard values in the context of N = 1 gauged supergravity model,
we also produce EDM (d(e,n)/e ≡ 10−27) cm in case of a Barr-Zee diagram involving W Boson. As
evaluated explicitly, we show that two-loop rainbow diagrams give a very suppressed contribution as
compared to Barr-Zee diagrams. The results of all two-loop diagrams are summarized in Table 3.Thus,
we conclude that in our large volume D3/D7 µ-split SUSY model, despite the presence of very heavy
supersymmetric scalars/fermions in the loops, we are able to produce a contribution to electric dipole
moment of both electron as well as neutron close to experimental bound at two-loop level and a sizable
contribution even at one-loop level.
All of the above results have been obtained in the context of the model which can be constructed
locally near a particular nearly special Lagrangian three-cycle of a Swiss-Cheese Calabi-Yau three-
fold. It would be interesting to determine the global embedding of our model. Further, in the D3/D7
set-up described above, we have shown the possibility of identification of Wilson line moduli only
with first or second generation quarks and leptons. By extending the set-up to include Wilson line
moduli identifiable with second and third generation quarks, one hopes to obtain via the one-loop
and two-loop Barr-Zee diagrams involving fermions, the value of electron/neutron EDM very close to
experimental bound for a given choice of the internal complex three-fold volume.
Acknowledgements
MD is supported by a CSIR Senior Research Fellowship. AM would like to thank Syrcause University,
Johns Hopkins University and the Abdus Salam ICTP (under the regular associateship program) for
their kind hospitality and support where part of this work was done, and would also thank Nima
Arkani-Hamed for useful comments and suggestions when he had presented some preliminary results
of this paper in a seminar at Johns Hopkins. We acknowledge participation of S.Serrao in the earlier
stages of the project.
A Chargino Mass Matrix
The chargino mass matrix is formed by mixing (charged)wino’s and higgsino after electroweak symme-
try breaking. In N = 1 gauged supergravity, the interaction vertex corresponding to Higgs-gaugino-
higgsino term is given by L = gYMgTBZiXBH˜ iλi + ∂ZiTBDBH˜ iλi where λi corresponds to gaugino
(such as the bino/wino). Expanding the same in the fluctuations linear in Zi, we have
gYMgTBZiX
B = f˜V−2 Zi
MP
, (∂ZiTB)D
B ≡ f˜V− 43 Zi
MP
(194)
After giving a VEV to Zi, the interaction vertex corresponding to mixing between gaugino and higgsino
will be given as:
C λ˜
−−H˜−d /C λ˜
+−H˜+u =
f˜V− 43√
KZiZiKZiZi
≡ f˜V− 13 v
MP
,where v = 246GeV. (195)
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For higgsino-doublets H˜u =
(
H˜0u, H˜
+
u
)
, H˜d =
(
H˜−d , H˜
0
d
)
, the chargino mass matrix is given as:
Mχ˜− =
(
M2
H˜−d
C λ˜
−−H˜−d
C λ˜
−−H˜−d M2
λ˜−
)
,Mχ˜+ =
(
M2
H˜+u
C λ˜
+−H˜+u
C λ˜
+−H˜+u M2
λ˜+
)
(196)
Incorporating value of Mλ˜+ = Mλ˜− = V
2
3m 3
2
, MH˜−d
= MH˜+u = V
59
72m 3
2
and m 3
2
= V−2MP at
electroweak scale, we have
Mχ˜± =
(
V− 43 vMP f˜V−
1
3
v
MP
f˜V− 13 V− 8572
)
, (197)
giving eigenvalues
{
M2PV4/3 +M2PV85/72 −
√
M4PV8/3 − 2M4PV181/72 +M4PV85/36 + 4f˜2M2P v2V109/36
2M2PV157/72
,
M2PV4/3 +M2PV85/72 +
√
M4PV8/3 − 2M4PV181/72 +M4PV85/36 + 4f˜2M2P v2V109/36
2M2PV157/72
}
MP ,
(198)
and normalized eigenvectors:
χ˜+1 = −H˜+u +
(
v
MP
f˜V 56
)
λ˜+i , χ˜
−
1 = −H˜−d +
(
v
MP
f˜V 56
)
λ˜−i , and mχ˜±1 ≡ V
59
72m 3
2
χ˜+2 = λ˜
+
i +
(
v
MP
f˜V 56
)
H˜+u , χ˜
−
2 = λ˜
−
i +
(
v
MP
f˜V 56
)
H˜−d , and mχ˜±2 ≡ V
2
3m 3
2
. (199)
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